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I. Overview 


The Compact series CPLD is a programmable logic device based on SRAM. The chip contains an embedded 
Flash, which can realize the independent loading of the bit stream from the inside of the chip. Since the 
configuration information in the SRAM will be lost after the CPLD device is powered off, the CPLD needs to be 
reconfigured every time it is powered on. 


Configuration is the process of writing the bit stream designed by the user into the CPLD, and the entire 
configuration process is completed by the configuration control system (CCS). Its structure diagram is shown in 
Figure 1, in which the user logic is connected to 7 slave equipment. The bit stream can be actively obtained by 
the chip from the external SPI Flash or embedded Flash, or the bit stream can be downloaded to the chip through 
a host device such as an external processor/controller. 


USER logic 


APB bus 


х1-- JTAG — SPI | | CO | | РС1| | Timer PLLO PLL1 


main self-loading interface 


Х1--- master SPI interface » 


X1-—-—  SlaveSPl interface É > 


multiplexer 
i 
configuration control logic 
+ 
ж 
configuration memory 


x1—— Slave the І2С interface Г [ 


Embedded 
L FLASH 


X8 <-> Internal slave АРВ interface * > 


Configuration control system 


Figure 1 Configuration System Structure Diagram 
CPLD devices have 5 configuration modes, the details are as follows: 


> ЛАС mode, data bit width X1, conforms to IEEE 1149.1 and IEEE 1532 standards, supports configuration 
and reconfiguration of normal/compressed bit stream, supports readback of normal/compressed bit stream 


> Main self-loading mode, support configuration of normal bit stream and compressed bit stream 
> Master SPI mode, data bit width X1, support configuration of normal bit stream and compressed bit stream 


> Slave SPI mode, data bit width X1, supports configuration and reconfiguration of normal bit stream and 
compressed bit stream 


> Slave РС mode, data bit width X1, support configuration and reconfiguration of normal bit stream, 
compressed bit stream 


In addition, CPLD devices provide the following features: 
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I. Overview 


JTAG mode provides a dedicated interface to support online debugging and boundary scan testing 
Watchdog, support configuration time overtime detection 
Support dual-boot, support application bitstream version fallback for all 5 configuration modes 


User logic interface, JTAG user command interface (SCANCHAIN), UID interface, power controller, user 
wake-up interface (START), internal slave APB interface, readback CRC 


Embedded hard core, including 1 SPI, 2 12С, 1 timer 
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2. Configuration process 


The download and configuration process of the CPLD device is shown in the figure below: 


INIT_FLAG_N = 0 
CFG_DONE = 0 


CFG_DONE = 1 


Post-loading 
option settings 


Figure 2 Download Configuration Flowchart 


For all configuration interfaces, the basic configuration steps are the same, including setup, bitstream 
loading, and wakeup. The specific process of CPLD device configuration is shown in the table below. 
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Table 1 CPLD configuration process table 
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Figure 3 Power-on configuration sequence 


(1)Setup 


Establish and complete the operation of CPLD device initialization and configuration mode determination, 
including device power-on, device initialization and configuration mode selection. 


1. Device power up 


The power-on process of the device is marked by the internal POR_N signal. When the POR_N signal 
changes from low to high, it means that the core power supply МССсове has reached the startup threshold Урур 
of the power-on reset circuit. 


After the device is powered on, the embedded Flash starts to work normally, and then the configuration 
control system is released after power-on reset, and the configuration control system starts to work. 


2. Device initialization 


After the configuration control system starts to work, the device initialization operation is performed first. 
The configuration control system starts to clear the configuration memory frame by frame. After clearing the 
configuration memory, the initialization completion flag signal INIT_FLAG_N becomes high. While clearing the 
configuration memory, the configuration control system powers on the embedded Flash, calibrates and adjusts, 
reads the feature control bits, reads the UID, and reads the embedded Flash lock flag. 


The configuration control system can be kept in the device initialization process by keeping the external 
INIT_FLAG_N pin low. 


When one of functions in Hard Reset, JTAG Instruction Reset, SPI Instruction Reset, 12С Instruction Reset, 
Version Rollback is triggered, the configuration control system enters the device initialization process. 
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3. Configuration mode selection 


When the INIT_FLAG_N signal is high, CCS selects the configuration function of the multiplexing pin 
according to the feature control bit. 


(2) Bit stream loading 


Different configuration modes have different configuration interfaces. After the configuration mode is 
selected, the corresponding pins of the corresponding mode are set as configuration pins. 


1. Synchronize 


The sync word 0x01332D94 is used for alignment on 32-bit word boundaries. After synchronization, the 
subsequent deframing operation can be performed. 


After receiving the correct synchronization word, the configuration control system considers the data to be 
valid data, and the packet processor of the configuration control system performs the unpacking operation. Any 
data before the sync word will be ignored. 


2. Reset CRC 


Reset the CRC register. 


CRC checks are performed using a 32-bit CRC algorithm prior to the wake-up operation. When the 
configuration data is written into the register, the address of the 5-bit register is in the high position, and the 
32-bit data is in the low position, which is connected into 37-bit data and a CRC calculation is performed. 


CRC check is performed after writing the CRC register data. If the data written into the CRC register is 
inconsistent with the calculated CRC result, the INIT_FLAG_N signal is pulled low, and the CRC error bit of the 
STATUSR register is high. 


3. Device Identification Check 


Check whether the device identification in the bit stream matches the hardware, if not, the INIT_FLAG_N 
signal goes low, the ID error flag is stored in the status register, and the configuration process is exited. 


4. Option settings before loading 


Before loading the configuration data, the working state of the device can be specified through the PDS 
interface: 


Watchdog settings 


Set whether to reserve the multiplexed configuration port and continue to use it as a configuration port 
after the configuration is complete 


Wake up clock selection 

Whether to wait for PLL on wakeup 

Master mode clock frequency setting 

For the operation method, please refer to "Pango_Design_Suite_User_Guide". 


5. Load configuration data 


Write a frame of configuration data to configuration memory. 
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6. CRC after loading an examination 


After the configuration data is loaded, perform a CRC check. The CRC value generated by software is stored 
in the CRC register and compared with the CRC value calculated by CCS. If the two values match, the CRC check 
passed and all configuration information was correctly written into the configuration memory. 


If the two values do not match, indicating that the CRC check failed, the INIT_FLAG_N signal goes low and 
the CRC error flag is stored in the status register. 


7. After loading option settings 


After the configuration data 15 loaded, specify the working state of the device in the configuration register: 
Set whether to allow user logic to shut down the OSC 


External port security level setting 


(3) Wake up 


After the bit stream has been loaded and passed the CRC, the CPLD device enters the wake-up phase. The 
configuration system first enables the logic output of all functional modules inside the CPLD device. Check the 
CRC again before waking up, and then perform a desynchronization operation, indicating that the configuration 
operation is over, and subsequent operations need to be resynchronized. Finally, the wake-up is completed, 
and the corresponding global signals are gradually released. 


1. Global logic enable 


After the CRC check is passed after loading, enable the logic output of all functional modules inside the 
fabric. 


2. Wake up start 


After the global logic is enabled, the wake-up operation is started. 


3. CRC before wakeup an examination 


Before the wake-up operation is executed, a CRC check is performed. The CRC value generated by software 
is stored in the CRC register and compared with the CRC value calculated by CCS. If the two values are consistent, 
it means that the CRC check is passed and the preparation before wake-up is completed. If the two values are 
inconsistent, indicating that the CRC check is different, then the INIT_FLAG_N signal becomes low, and the CRC 
error flag is stored in the status register. 


4. Sync 
Indicates the end of the configuration process. Subsequent operations require a resync. 


5. Wake up 


After the desynchronization is completed, the wake-up circuit starts to work according to the set timing, 
gradually releases the corresponding global signal, and finally enters the user mode. 
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3. Embedded Flash 


Pango Compact series CPLD has an on-chip non-volatile storage unit - embedded Flash. In terms of 
configuration, it brings great advantages for improving configuration efficiency and saving peripheral circuits. 
Embedded Flash is an important part of Compact series CPLDs. This chapter mainly introduces the storage 
structure information of embedded Flash, as well as the extremely important storage content—the specific 
description of feature control bits. 


(1) Storage structure 


Embedded Flash consists of normal memory and supervisory memory. It is used to store feature control 
bits, UID, bit stream and common user data. The storage location is shown in the table below. 


Table 2 Embedded Flash storage structure 


STORAGE LOCATION STORAGE CONTENT 


feature control bits 
supervisory memory 


UID 


common memory bit stream or normal user data 


Embedded Flash indicates the status through bits [21:18] in the status register. When performing 
embedded Flash read and write operations, in addition to reading UID, it is necessary to ensure that the 
embedded Flash is awake and idle, that is, bit [21] busy is 0, bit [19] wake is 1, bit [18] sleep is 0. 


Bit [21] busy indicates whether the operation is completed or not. Incomplete operations will cause busy 
to be high all the time. At this time, the busy bit can only be reset by powering on again. Common incomplete 
operations mainly include incomplete reading and writing of a page when reading and writing embedded Flash, 
especially when writing the last page of the bit stream, less than one page should be filled with all Os or all 1s 
until the page is complete. 


The ordinary memory of the embedded Flash also supports the lock function, and the user can specify the 
end page of the lock through software or other interface instructions. 


After being locked, the content between page 0 and the specified page (inclusive) cannot be read and 
written, and can only be unlocked by completely erasing the normal memory space. 


The locked state does not affect CCS to obtain the bit stream from the embedded Flash. 


The storage space of the ordinary memory of the embedded Flash of different devices of the Compact 
series CPLD is different, as shown in the following table: 


Table 3 Embedded Flash general memory storage space 


DEVICE HEAP NUMBER | PAGES PER HEAP PAGE SIZE (BYTE) TOTAL CAPACITY (BYTES) 
PGCIK 1 332 256 84992 
PGC2K 1 332 256 84992 
PGC4K 4 320 256 327680 
PGC7K 4 452 256 462848 
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(2) Feature control bit 


The feature control bits stored in the embedded Flash determine the specific configuration mode used by 
the CPLD, the function settings of different configuration modes, and the reserved settings of the configuration 
multiplexed pins. 


Users can select the configuration mode of the CPLD device by setting different feature control bits. 


CPLD device supports JTAG, SPI, І2С and internal APB interface to access the feature control bit register in 
the embedded Flash, so as to change the feature control bit. Users can also modify it through the Fabric 
Configuration plug-in in the PDS software. For the specific operation process, please refer to the "Fabric 
Configuration User Guide". 


The CPLD device will read the feature control bits from the embedded Flash during the initialization 
process, and then select the configuration mode according to the feature control bits to enable or disable certain 
configuration interfaces. Therefore, after updating the feature control bits through JTAG, slave SPI, slave 12С 
and internal APB interface, it is necessary to reset the command, reset the external RSTN pin (the pin needs to 
be enabled or reserved) or power on again to make the CPLD device read again. Take and take effect the updated 
feature control bits. The above configuration interfaces all support the reset command, see the configuration 
mode description for specific commands. 


For 1K and 2K devices, 32 feature control bits form a feature control group CTL, and each feature control 
bit is descriptioned as follows. 


Table 4 1K and 2K Feature Control Group CTL 


NAME BIT DEFAULT DESCRIPTION 
VALUE (BIN) 
cfg msd en [0] 0 Master self-loading mode enable, high effective 
cfg rstn en n [1] 1 RSTN in configuration mode Pin enable, active low 
cfg init en [2] 0 INIT FLAG N in configuration mode Pin enable, active high 
cfg done en [3] 0 CFG DONE in configuration mode Pin enable, active high 
cfg mspi en [4] 0 Master SPI Mode enable, active high 
cfg jtag en n [5] 0 JTAG in configuration mode Interface enable, active low 
cfg sspi en n [6] 0 Configuration mode from SPI Interface enable, active low 
cfg si2c en n [7] 0 Configuration mode from the I 2 C Interface enable, active low 
cfg spal en n [8] 1 Enable from parallel interface in configuration mode, active low 
fallback en [9] 0 Dual boot enable, active high 
fast mode [10] 0 Master SPI Fast mode enable, active high 
persist rstn n [11] 1 RSTN in user mode Pin enable, active low 
persist init [12] 0 INIT FLAG N in user mode Pin enable, active high 
persist done [13] 0 CFG DONE in user mode Pin enable, active high 
persist jtag n [14] 0 JTAG in user mode Interface enable, active low 
persist sspi n [15] 0 User mode from SPI Interface enable, active low 
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persist si2c n [16] 0 User Mode from I 2 C Interface enable, active low 


persist spal n [17] 1 Enable from рагаПе! interface in user mode, active low 


i2c addr[9:0] [[27:18] 1111000000 | Chip I 2 C slave device 10 bit address 


persist_mspi [28] 0 SPI in user mode Interface enable, high effective 


loöşe en slow read enable 


0: self-loading, read embedded Flash instruction, read feature control 
bit instruction, read trim command, the embedded Flash interface 


29 0 
129] adopts normal read mode 
1: All embedded Flash Read operations are performed in slow read 
mode 
reserve [31:30] и 


For 4К/7К devices, 32-bit feature control bits form а feature control group CTL, and each feature control 
bit is descriptiond as follows. 


Table 5 4K and 7K Feature Control Group CTL 


NAME BIT DEFAULT DESCRIPTION 
VALUE (BIN) 
cfg_msd_en [0] 0 Master self-loading mode enable, high effective 
cfg_rstn_en_n [1] 1 RSTN in configuration mode Pin enable, active low 
cfg_init_en [2] 0 INIT_FLAG_N in configuration mode Pin enable, active high 
cfg done en [3] 0 СЕС DONE in configuration mode Pin enable, active high 
cfg mspi en [4] 0 Master SPI Mode enable, active high 
cfg jtag en n [5] 0 JTAG in configuration mode Interface enable, active low 
cfg sspi en n [6] 0 Configuration mode from SPI Interface enable, active low 
cfg si2c en n [7] 0 configuration mode from the 12С Interface enable, active low 
cfg spal en n [8] 1 Enable from parallel interface in configuration mode, active low 
fallback en [9] 0 Dual boot enable, active high 
fast mode [10] 0 Master SPI Fast mode enable, active high 
persist rstn n [11] 1 RSTN in user mode Pin enable, active low 
persist init [12] 0 INIT FLAG N in user mode Pin enable, active high 
persist done [13] 0 СЕС DONE іп user mode Pin enable, active high 
persist jtag n [14] 0 JTAG in user mode Interface enable, active low 
persist sspi n [15] 0 User mode from SPI Interface enable, active low 
persist si2c n [16] 0 User Mode from 12С Interface enable, active low 
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persist_spal_n [17] 1 Enable from parallel interface in user mode, active low 
i2c_addr[9:0] [27:18] | 111100000 | Chip РС slave device 10 bit address 
0 

persist_mspi [28] 0 SPI in user mode Interface enable, high effective 
slow read enable 

loose_en [29] 0 0: self-loading, read embedded Flash instruction, read feature 
control bit instruction, read trim command, the embedded Flash 
interface adopts normal read mode 
1: All embedded Flash Read operations are performed in slow read 
mode 

msdboot_en [30] 0 Master self-loading dual-boot enable, high effective 

reserve [31] - 
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4. Configuration mode description 


This chapter mainly descriptions the application interface and independent development process of the 
five configuration modes supported by CPLD devices. 


(1) JTAG configuration mode 


JTAG interface is shown in the figure below: 


Figure 4 JTAG interface diagram 


The list of JTAG ports is as follows: 


Table 6 List of JTAG ports 


NAME | I/O | DEDICATED / DESCRIPTION 
MULTIPLEXED 
Test clock. 
TCK | dedicated | ТСК provides the clock for chip test logic and is a dedicated input 


pin. It can be independent from the system clock of the chip, and 
can also be synchronized with the clock of the working mode. 

Test mode selection. 

TMS | dedicated | On the rising edge of TCK, control the state switching of the state 
machine of the test access port controller to realize the movement 
of test instructions and test data. 

Test data entry. 

Serial input pin. 


TDI | dedicated | Оп Ше rising edge of TCK, the test instruction is shifted into the 
instruction register and the test data is shifted into the test data 
register. 


Test data output. 

Serial output pin. 

In the instruction shift state, the test instruction is shifted out of 
TDO O dedicated | the instruction register on the falling edge of TCK. 

In the data shift state, on the falling edge of TCK, the test data is 
shifted out from the test data register placed on the TDI to TDO 
scan link. 


The interface timing is shown in the figure below: 
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Figure 5 JTAG interface timing 


4. Configuration mode description 


The schematic diagram of the JTAG configuration mode application interface is shown in the figure below. 
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Figure 6 Application diagram of JTAG mode 


A low level of RSTN will reset the configuration logic, it is recommended to use a 4.7K resistor to pull up to 
VCCIOO externally. During the initialization process, when INIT_FLAG_N is used as an input, if it is connected to 
a low level, the CPLD device will stay in the initialization stage. It is recommended to use an external 4.7K resistor 
to pull it up to VCCIOO. When INIT_FLAG_N is used as an output, output high level to indicate the end of chip 
initialization. СҒа DONE outputs a high level to indicate that the chip enters user mode, and an external input 
with a low level will make the CPLD device stay in the configuration stage. It is recommended to use an external 


4.7K resistor to pull it up to VCCIOO. 


In JTAG mode, the TCK test clock needs to be provided externally; the external can control the transition of 
the JTAG internal TAP state machine by changing the state of TMS, so as to select the writing of configuration 
bit stream (TDI) or on-chip data readback (TDO) . In addition to configuration programming, the JTAG interface 
is commonly used for in-circuit debugging and boundary-scan testing. 


JTAG cascade mode 


Multiple devices can be configured using a JTAG daisy chain, connected as shown in the figure below. 
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Figure 7 Schematic diagram of JTAG cascade application 


In this way, after the download cable is connected, the PDS software on the host will scan all the devices 
on the JTAG chain, and the user can choose to program and download the corresponding CPLD devices. 


The TCK and TMS signals connect all devices in the JTAG chain, so the quality of these two signals will affect 
the maximum frequency and reliability of the JTAG configuration. 
(2) Master SPI configuration mode 


When the Х1 bit width is applied, the pin MOSI_SI ofthe CPLD device is connected to the data input terminal 
of the ӘРІ Flash as a command output, and the ріп MISO_SO is connected to the data output terminal of the SPI 
Flash as a data input. 


The schematic diagram of the main SPI configuration mode application interface is shown in the figure 
below. 
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Figure 8 Master SPI Mode Application Diagram 


The master SPI mode interface timing is shown in the following figure: 
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Figure 9 Master SPI mode interface timing diagram 


After the main SPI mode is selected, CCS automatically uses the fast read X1 mode to read data from 
address 0 of the SPI Flash. 


The CPLD device generates the SPI Flash chip select signal on the falling edge of CFG_CLK, and sends the 
operation code and address. SPI Flash samples the opcode and address on the rising edge of CFG_CLK. 


SPI Flash generates data on the falling edge of CFG_CLK, and the CPLD device samples data on the rising or 
falling edge of CFG_CLK according to the setting. When the clock frequency is not higher than 25M, use the 
rising edge of CFG_CLK to sample data, and when the clock frequency is higher than 25M, use the falling edge 
of CFG_CLK to sample data. 


After all the specified bit streams are fetched from the SPI Flash, FCS_N is set to 1, and the main SPI mode 
operation ends. 


The CPLD device supports direct connection with the 4 pin SPI Flash standard interface, and the specific 
models supported are shown in the table below. 


Table 7 Supported 5РІ5 Flash model 


FREQUENCY DATA DELAY OPERATING OPERATING 
COMPANY MODEL CAPACITY BIT WIDTH (MHZ) (NS) VOLTAGE TEMPERATURE 
(У) ( CELSIUS ) 
Micron M25P05A 512K X1 50 8 2.3-3.6 -40-85 
Micron M25P10A 1M X1 50 8 2.3-3.6 -40- 125 
Micron M25P20 2M X1 75 6 2.3-3.6 -40- 125 
Micron M25P40 4M X1 75 6 2.3-3.6 -40- 125 
Micron M25PE10 1M X1 75 6 2.7-3.6 -40- 125 
Micron M25PE20 2M X1 75 6 2.7-3.6 -40- 125 
Micron М25РЕ40 4M Х1 75 6 2.7-3.6 -40-85 
Місгоп M45PE10 1M X1 75 8 2.7-3.6 -40-85 
Micron M45PE20 2M Х1 75 8 2.7-3.6 -40-85 
Місгоп М45РЕ40 4M X1 75 8 2.7-3.6 -40-85 
Winbond | W25Q20CL 2M X1/X2/X4 104 8 2.3-3.6 -40-85 
Winbond | W25Q40CL 4M X1/X2/X4 104 8 2.3-3.6 -40-85 
Winbond | W25X05CL 512K X1/X2 104 8 2.3-3.6 -40-85 
Winbond | W25X10CL 1M X1/X2 104 8 2.3-3.6 -40-85 
Winbond | W25X20CL 2M X1/X2 104 8 2.3-3.6 -40-85 
Winbond | W25X40CL 4M Х1/Х2 104 8 2.3-3.6 -40-85 
Winbond | W25X40CV 4M X1/X2 80 8 2.6-3.6 -40- 105 
Winbond | W25Q10EW 1M X1/X2/X4 104 6 1.65-1.95 -40-85 
Winbond | W25Q20EW 2M X1/X2/X4 104 6 1.65-1.95 -40-85 
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Winbond | W25Q40EW 4M X1/X2/X4 104 6 1.65-1.95 -40-85 


Winbond | W25Q20BW 2M X1/X2/X4 80 7 1.65-1.95 -40-85 
Winbond | W25Q40BW 4M X1/X2/X4 80 7 1.65-1.95 -40-85 
Spansion | S25FL204K 4M X1/X2 85 10 2.7-3.6 -40-85 
Zhao Yi GD25D05B 512K X1/X2 80 6 2.7-3.6 -40-85 
Zhao Yi GD25D10B 1M X1/X2 80 6 2.7-3.6 -40-85 
Zhao Yi GD25Q20C 2M X1/X2/X4 120 7 2.7-3.6 -40-85 
Zhao Yi GD25Q40C 4M X1/X2/X4 120 7 2.7-3.6 -40- 125 
Zhao Yi GD25Q21B 2M X1/X2/X4 104 6 2.7-3.6 -40-85 
Zhao Yi GD25041B 4M X1/X2/X4 104 6 2.7-3.6 -40-85 
Zhao Yi GD25VQ20C 2M X1/X2/X4 104 7 2.3-3.6 -40-85 
Zhao Yi GD25VQ40C 4M X1/X2/X4 104 7 2.3-3.6 -40-85 
Zhao Yi GD25VQ21B 2M X1/X2/X4 104 6 2.3-3.6 -40-85 
Zhao Yi GD25LQ05B 512K X1/X2/X4 104 7 1.65-2.1 -40-85 
Zhao Yi GD25LQ10B 1M X1/X2/X4 104 7 1.65-2.1 -40-85 
Zhao Yi GD25LQ20B 2M X1/X2/X4 104 7 1.65-2.1 -40-85 
Zhao Yi GD25LQ40B 4M X1/X2/X4 104 7 1.65-2.1 -40-85 
Zhao Yi GD25LQ40 4M X1/X2/X4 120 7 1.65-1.95 -40-85 
Note: The models in the table are currently tested Flash, if you use other models, you need to test and 
verify. 
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(3) Master self-loading configuration mode 


The master self-loading configuration mode is designed for embedded Flash. First set the feature control 
bit, then load the bit stream into the embedded Flash, reset the device, and CCS will automatically read the bit 
stream from the embedded Flash to configure the CPLD. 


(4) From SPI configuration mode 


Pango Compact series CPLDs provide the slave SPI interface as one of the access interfaces of the chip CCS. 
Through the SPI interface, users can configure/reconfigure CRAM, program embedded FLASH, read and write 
feature control bits, etc. 


СЕС СІК | 
>| RSTN 
FCSI № | 
> INIT FLAG М 
MOSI SI < 


*— ——— СЕС DONE 


MISO SO | > 


Figure 10 Slave ӘРІ Interface Diagram 


The port list is shown in the table below 


Table 8 From SPI port list 


NAME I/O DESCRIPTION 


Reset pin, active low. 

Asynchronous reset of full chip except JTAG TAP controller. When it remains 
low, the chip cannot be configured. INIT FLAG N is low at the same time. 
RSTN | Low level triggers reset, the chip configuration returns to the initial state, 
restarts to clear the configuration storage, and restarts the configuration 
process. 

When the pin is floating, it is recommended to make the pin a fixed weak 
pull-up state 

Input clock, up to 100M. 

When executing READ and READ СТІ instructions, the time to transfer stuff 
bytes cannot be less than 800ns. 

This can be achieved in a number of ways: 

1. Constant frequency clock. When executing READ and READ_CTL 
CFG_CLK | instructions, the clock frequency is up to 10M. 

2. The highest clock frequency is 100M. Clock discontinuity during transfer 
of stuff bytes. After transmitting the first half of stuffing bytes, the clock 
pauses for no less than 800ns, and then continues to transmit the second 
half of stuffing bytes. 

After the CPLD device enters the user mode, if the ӘРІ interface continues to 
be used as a configuration pin, the pin will continue to be used as a 
configuration pin, and if the SPI interface is released to the user, the pin will 
be released to the user. 
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CPLD device initialization completion flag signal; configuration error flag 
signal After the chip is powered on or reset, this pin is a bidirectional port, 
driven by the internal circuit to low level, and input to the chip at the same 
INIT_FLAG_N time; when the CPLD device is initialized, this pin is high (external pull-up), 
OPEN | when the pin is high, the mode pin is sampled. This pin is set as an open- 
DRAIN | drain output and is pulled high by an external pull-up resistor. 

During the configuration process, the pin is bidirectional, and when an error 
occurs, the pin is driven by the internal circuit, and the output is low, and 
the state of the pin is fed back to the chip. 

After the initialization of the CPLD device is completed, the pin can continue 
to be driven low by the outside to achieve the purpose of delaying the 
configuration until the pin changes from low to high (must be set as an 
open-drain output). 

After the CPLD device enters the user mode, this pin can continue to be 
used as a configuration pin, or it can be released to the user. 

Indicates that the configuration is complete. 

СЕС DONE | ОРЕМ | 0 : CPLD Device not configured 

DRAIN | 1: CPLD Device configured 


Chip select input pin of SPI interface, active low. 

After the CPLD device enters the user mode, if the SPI interface continues to 
FCSI_N | Бе used as а configuration pin, the pin will continue to Бе used as a 
configuration pin, and if the SPI interface is released to the user, the pin will 
be released to the user. 

SPI data bus master output slave input pin. 

MOSI SI | After the CPLD device enters the user mode, if both the master SPI interface 
and the slave SPI interface are released to the user, the pin MOSI 5! is 
released to the user. 

SPI data bus master input slave output pin. 

MISO SO О After the CPLD device enters the user mode, if both the master SPI interface 
апа the slave SPI interface are released to the user, the ріп MISO_SO is 
released to the user. 


Provides a convenient and versatile way for user configuration from the SPI interface. Compared with the 
ЛАС interface, it is easier to implement, and has a higher transmission rate than the slave І2С interface. 
Compared with the master self-loading and master SPI modes, it has more flexible version management 
capabilities and richer chip operations. Usually, the CPU, MCU, DSP and other devices can be used as the master 
device, and the CPLD can be used as the slave device. This application method can be represented by the 
following figure: 
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VCCIO0 


INIT_FLAG_N 
CFG_DONE 
RSTN 


COMPACT Ж 7] 
СРЕО {F 


MSPI 


CFG_CLK 


FCSI_N 


SPI Flash Host 
S MOSI SI 


MISO SO 


Figure 11 Schematic diagram of slave SPI application 


Pango provides the implementation of the C code from the SPI operation process, please refer to the 
application guide "ANO3009 Compact Series CPLD Device Configuration and Programming Application Guide 
from the SPI Interface", and the corresponding sample project. 


For the introduction of using the SPI interface, refer to Chapter 7 for configuration details. Special attention 
should be paid to the fact that ЕС5! М needs to be pulled high before the start of all instructions and after the 
instruction is completed, and at least 8 clocks should be given. 


(5) Slave PC configuration mode 


Pango Compact series CPLDs provide the 12С interface as one of the access interfaces of the chip CCS. The 
slave РС mode interface supports fast mode. Through the slave SPI interface, users can configure/reconfigure 
CRAM, program embedded FLASH, read and write feature control bits, etc. 


>| RSTN 


CFG DONE 


Figure 12 Slave С interface diagram 


The list of ports from the [2С interface is as follows: 


Table 9 Slave І2С port list 


NAME 1/0 DESCRIPTION 
SCL | Serial clock, the highest frequency is 400KHz 
SDA (0) Serial data 


Occupying less IO from the І?С interface has the advantage of saving hardware resources. Usually, the CPU, 
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MCU, DSP and other devices can be used as the master device, and the CPLD is used as the slave device. This 
application method can be represented by the following figure: 


VCCIO0 
ке къ К 
- з. 
o INIT_FLAG_N 
CFG_DONE 
GND II—— 8 9 RSTN 
3 2 
COMPACT ЕЈ 
CPLD ИЗ 
Arc 
ч SCL 
SPI Flash 
SDA 
ç 


Figure 13 Schematic from 12С application 


Pango provides the implementation of the C code from the РС operation process, please refer to the 
application guide "ANO3010 Compact Series CPLD Device Configuration and Programming Application Guide 
from the РС Interface", and the corresponding sample project. 


Note that if you want to still operate the device via slave РС in user mode, you should set the I?C reserved 
bit of the feature control bit, bit[16]persist si2c n, to 0. And cancel the automatic shutdown of OSC, 
corresponding to the PDS setting Project Setting->Generate Bitstream->Configuration->Enable OSC Shut Off 
Uncheck. 
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5. Dual boot 


All CPLD devices support dual-boot function, that is, two sets of bit streams are stored in the embedded 
Flash and the external SPI Flash respectively. 


When dual-booting, you need to turn on the watchdog (check the configuration process and timeout in 
user mode, and the watchdog count will be reduced by 1 every 512 system clock cycles). If there is an error 
when downloading the current application bit stream, reset the circuit other than the version fallback circuit, 
and the device can download the golden bit stream again; if there is an error in the configuration of the golden 
bit stream, then it will not be reset, but INIT_FLAG_N is set to 0, dual-boot The operation ends and the watchdog 
is disabled. 


When the device uses master self-loading, the application bit stream is stored in the embedded Flash, and 
the golden bit stream is stored in the external SPI Flash; when the device uses the main SPI loading, the 
application bit stream is stored in the external SPI Flash, and the golden bit stream is stored in the embedded 
Flash. 


To judge whether there is an error in the configuration, you can read the timeout, crc_err and id_err of the 
status register to judge. In addition, the fallback of the status register indicates whether the current bit stream 
is the bit stream that falls back after an error. 


Only D-type devices support the dual-boot function of master and self-loading, which is characterized in 
that two sets of bit streams can be stored in the embedded Flash: gold bit stream and application bit stream, 
and no external SPI Flash is required. 


The starting address of the golden bit stream is 0, the application bit stream after the golden bit stream, 
and the user Flash after the application bit stream. 


The watchdog needs to be turned on when the main self-loading dual boot. The flow of the main self- 
loading dual boot is as follows. 


1. Load the golden bitstream from the embedded Flash O address. 


2. The master-self-load dual-boot command in the golden bitstream loads the application bitstream from 
the embedded Flash address specified by DBOOTADRR. 


3. If there is an error in the process of loading the application bit stream, reset the circuit other than the 
version fallback circuit, and load the gold bit stream from the embedded Flash 0 address. 


4. If there is an error in the gold bitstream configuration process, it will not be reset, but INIT FLAG N will 
be set to 0, and the dual-boot operation of the master and self-loading will end. 


5. After the application bit stream or gold bit stream is configured successfully, enter the user mode. 


6. In user mode, the application bit stream and user Flash content can be updated internally from the APB 
interface, JTAG interface, from the SPI interface or from the I2C interface. 


7. After the application bit stream and user Flash content are updated, it can be upgraded through internal 
reset from the APB interface, JTAG interface, SPI interface or I2C interface. 
Operating procedures 


For non-master self-loading dual-boot, just turn on the dual-boot enable, that is, set bit[9]fallback en of 
the feature control bit to 1. 


The bit stream in embedded Flash and external SPI Flash should be consistent with the bit stream in master 
self-loading and master SPI mode. 
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For the main self-loading dual-boot, it is necessary to enable the dual-boot enable and the main-self- 
loading dual-boot enable at the same time, that is, set bit [9] fallback_en and bit [30] msdboot_en of the feature 


control bit to 1. 


The main self-loading dual-boot bitstream can be generated with the PDS download tool. Firstly, two sfc 
files need to be generated, which are golden bit stream and application bit stream respectively. The Flash device 


settings remain default, as shown in the following figure: 


ITI NECI NN алаш) 


Device 
Factory Name GIGA v 
Device Name GD25032C v 


Options 


(Seis a тати а Generate Daisy Chain File Generate Multi Revision File 


Flash Read Mode SPI X1, 24-bit address v 


Load BitStream File 
Load File Name 


o 


1 Start Address: 


= 
| @ Fabric Configuration — 
Load User Data File 


File Edit View Debug Help 
a i} 


Conf: 


ll: 5 


= В Execute Тс1 File... 


Right click to Add Device or Initialize е " : 
T Start Address: 0 BitStramFile: 


4 $$ Boundary Scan TCL Record File 
leddown.sbit(E:/PDS/pr]193D7/1ed flow1.. 


{8 SPI Flash Configuration 


TDI 
Output 


тро 


|| реуісе Properties 


BitStramFile: :j193b7/led flowl 48001 4k324/generate bitstream/leddown.sbit ЕСЕН 


Output File Наше: E:/PDS/prj193b7/led flowl 4RD01 4k324/generate bitstream/leddown.sfc 


ок Сапсе1 


|| Pzoperty Name Value 


Figure 14 Generate golden bitstream or apply bitstream sfc 


Then continue to synthesize the main self-loading dual-boot bitstream through the conversion tool, and 
the bitstream at the first bitstream position is used as the golden bitstream. As shown below: 


ruraaman "ашы 


Generate Flash Programming File Generate Daisy Chain File 5152 275482435657 SES 


Model 


Device Family Type: Compact v Data Stream Type: 


Options 


Master Dual Boot Data Strv 


, | Enable Set Start Address 


Load BitStream File 


Load File Name 


1  BitStramFile: :d flowl 4RD01 4k324/generate bitstream/ledup.sfc | ... + 


2  BitStramFile: flow1_4RD01_4k324/generate_bitstream/leddown.sfc [=] + 


Output 


Output File Name: E:/PDS/prj193b7/led_flow1_4RD01_4k324/generate_bitstream/leddown_mul.sfc 


Figure 15 Generate main self-loading dual boot bitstream 
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By default, the bit stream sbit file that configures the CPLD is used when programming the embedded Flash. 


The generated file is an sfc file. 
used to program the embedded 


If you want to download it to the embedded Flash, you need to modify the file 
Flash in setting device properties. As shown below: 


а $5 Boundary Sci 


Device Properties 

Property Name 
Device ID 
Chip ID 


User Code 


Configuration Mode 


ledup.sbit(E:/PDS/prj193b7/led flowl 4. 


22 SPI Flash Configuration 


Instruction Register 
? Status Register 


> Feature Control Value 


rs — 
File Edit View Operations Debug Help 
а-ы Bas 


Right click to Add Device or Initialize JTAG chain 


an 


ти ЖШ Program... 
ФВ Verify... 
соң Readback... 
то Reset ЕРСА 
Program UID 
2x One Step Create SVF 
Value 
ES Assign New Configuration File 
0х0042а899 | 
0х1100000000000000 | Scan Outer Flash 
Oxffffffff | Read Feature Control 
0001110001 | Program Feature Control 
0х1#85еғао | | Reset Feature Control 
| | 
0x6002370d | | 


| Set Device Properties Š 


Figure 16 Modify device properties 


2 
@ Setting Device Properties Dialog perm — бю 


Property Name 
Enable ISC ReadBack 
Enable HighZDis ReadBack 
4 SVF Properties 
Enable SMASK 
Enable Check Device ID With SMASK 
Gen SVF for Embed Flash 
Set SVF Config EFlash Cycles (value: [1,1023]) 
4 Embed Flash Properties 
Enable Erase before Program Embed Flash 
Enable Verify after Program Embed Flash 
Enable Erase Entire Embed Flash 
Enable Reset FPGA after Erase Embed Flash 


Enable Program Feature Control after Program EF. 


Embed Flash Start Page Index(Unit: 256Byte) 
Embed Flash Tail Page Index(Unit: 256Byte) 


Embed Flash Read Back Size(Unit: Byte) 


1000 (Unit:1000 cycles) @ Select Embedded Flash File [E37 
МА. Look in: Ш Е:\РО5\рг}193Ь7\1ей Xgenerate_bitstream v О © О A Ш ЕЕ 
yl My Computer Date Modified 
А wer 142 KB sbit File 2020/1/6 15:08 
| ШЕ vesicop 142 КВ sfc File 2020/1/6 15:12 
| 
ledup.sbit 142 KB sbit File 2020/1/6 15:11 
| ledup.sfc 142 КВ sfc File 2020/1/6 15:11 
M ' 
eq_flow1_4RD01_4x324/generate_pitstrean/ledup.sbit [IÑ | 
0 (Dec.) ! 
! 
570 (Dec.) 
! 
00023а98 (Нех.) | 
File name: leddown mul.sfc open | [| 
[| 
ок Cancel Files of type: *.sbit *.sfc ~ | Cancel 
! 


Figure 17 Select the main self-loading dual-boot bitstream sfc file 


Then program to embedded Flash. For the specific operation of updating the application bit stream and 


user data in user mode, please r 
Configuration. 


After updating the embedd 


efer to Chapter 7 Configuration Details and Chapter 8 Boundary Scan and JTAG 


ed Flash, send a reset command to upgrade the bit stream in the configuration 


memory. Reset methods include internal АРВ interface reset, JTAG interface reset, SPI interface reset, 12С 


interface reset, and RSTN pin ha 
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6. PDS Software download configuration 


The CPLD device has integrated the related operations of JTAG and main SPI configuration in the PDS 
operating software. For the required configuration files, the PDS design software will generate configuration 
files with different extensions to adapt to different configuration schemes. See the table below for specific 
descriptions. 


Table 10 PDS configuration file description 


bit Binary configuration data containing header information (bitstream name, date, etc.) that is 
see recognized by configuration tools but not written to the CPLD device. Use the Fabric 
Configuration tool to directly write the .sbit file to the CPLD device through the Cable 
bi Binary configuration data (pure bit stream) without header information, suitable for user 
P configuration schemes, such as microprocessor configuration of CPLD devices. 
с Bitstream file written to Flash, converted from .sbit file 


The .sbit file is the default bitstream file generated after the PDS tool is compiled. Run Generate Bitstream 
to generate the .sbit file. For the specific operation process, please refer to "Design Editor User Guide" and 
"Fabric Configuration User Guide". 


CPLD devices support normal and compressed bit streams. The compressed bit stream file is smaller than 
before compression, and the size of the compressed file is related to the design. 


Table 11 The bit stream size of each device in the CPLD device family 


ІКІ, * sbit 53 
1KG * sbit 83 
2KL * sbit 83 
2KG * sbit 83 
4KL * sbit 142 
4KD * sbit 142 
7Кр * sbit 222 
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7. Configuration details 


(1) Package format 
The bit stream consists of multiple packets, and the packet consists of a header part and a data part. 
The header is a 32-bit word. After the header is the data. Data is in units of 32-bit words. 


If the number of 32-bit words following the header specified by the header part is 0, then this packet has 
only the header part and no data part, and is an empty packet. The package format is as follows: 


HEADER TYPE [31:29] | OPCODE [28:27] | REGISTER ADDRESS | 32-БІТ WORD COUNT [21:0] 
[26:22] 


00: no operation 
101 01: write —— — The number of 32-bit words 
10: read 8 following the packet header 


11: reserved 


(2) Configuration registers 


The CCS system of CPLD devices include the following registers. When writing the register address, write 
the high bit first. 


Table 12 Configuration register address list 


NAME R/W ADDRESS DESCRIPTION 
CRCR R/W 00000 CRC register 
CMDR R/W 00010 Command register 
CTRLR R/W 00100 Control register 
MFWRITER W 00110 Multi-frame write register 
STATUSR R 01001 Status register 
DBOOTADRR R/W 10000 Dual Boot Address Register 
WATCHDOGR R/W 10001 Watchdog register 
CMASKR R/W 10111 Control mask register 
RBCRCR R/W 11110 Readback CRC register 


1. CRC Register (CRCR) 


Each write to the CRC register corresponds to a CRC check of the bit stream. The CRC check passes if the 
value written to the CRC register is the same as the current CRC value calculated by the CCS. Otherwise 
INIT_FLAG_N (init_complete) is pulled low. 
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2. Command Register (CMDR) 
The command register determines the CCS What to do next. 


Table 13 Command Register Instruction Description 


COMMAND CODING DESCRIPTION 
NOP 00000 | no operation (initial value ) 
RSTCRC 00001 Reset CRC register 
WCMEM 00100 | Write configuration data, used before writing configuration 


memory configuration data via CMEMIR 


MFWRITE 00101 | Multi-frame write, write the currently written frame of data 
into the next continuous frame. 


The number of frames is determined by MFWRITER 


RCMEM 00110 | read configuration data, use the CMEMOR Before reading 
back configuration memory configuration data 

SWAKEUP 00111 | start wake up 

SWAKEDOWN 01000 | Turn off wakeup action 

GUP 01001 | Internal logic enable 

GDOWN 01010 | Internal logic is not enabled 

DESYNC 01011 | Desync, used at the end of configuration 

RWD 01100 | Restart watchdog 

WCMEMEN 10000 | Write configuration memory enable, used to enable 
configuration memory write before writing configuration data 

WCMEMDIS 10001 | Write configuration memory prohibition, after the 


configuration data is written, the configuration memory is 
prohibited from writing 


RCMEMEN 10010 | Read configuration memory enable, used to enable 
configuration memory read before reading configuration data 
RCMEMDIS 10011 | Read configuration memory prohibition, after the 


configuration data is read, the configuration memory is 
prohibited from being read 


MSDBOOT 10101 | Master self-loading dual-boot, starting to load the application 
bitstream from the address specified by the dual-boot 
address register 
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3. Control Register (CTRLR) 


Table 14 Control Register Description 


NAME BIT INITIAL VALUE DESCRIPTION 
reserve [31:5] 
mask_en [4] 1'b0 Variable memory location readback mask enable 


0 : disable masking 
1: enable shielding 
2K The device does not have this function 


mfg_sram_retention [3] 1'bO When it is 1 (and gwen=1), the SRAM retention 
voltage test is turned on (Domain is 1.2V) 


osc_off_en [2] 1'b1 Controls whether the configuration control system 
logic is allowed to shut down the OSC 


0 : not allowed 
1: allow 


wrctrl [1:0] 2700 External port security level. Control shutdown 
reconfiguration, partial reconfiguration, partial 
dynamic reconfiguration, and readback 
configuration memory. 

Once configured as disabled, it cannot be changed 
to enabled unless reset 

00: reconfiguration enabled, readback enabled 
(default) 

01: Reconfiguration enabled, readback disabled 


1x: reconfiguration disabled, readback disabled 


4. Multi-Frame Write Register (MFWRITER) 


The number of compressed frames means that the data content of the following consecutive frames 15 the 
same as the data content of the just written frame. For example, after configuring a frame of data , if the data 
content of the following three consecutive frames is the same as this frame, then the multi-frame write register 
content needs to be written as 3. 


5. Status Register (STATUSR) 


The status of the configuration pins of the chip and the working status of the chip are recorded in the status 
register, which can be read from the SPI or І?С interface through JTAG. Details are shown in the table below. 


Table 15 Status Register ( STATUSR ) 


NAME BIT DESCRIPTION 
reserve [31:30] 
persist_mspi 1291 SPlin user mode Interface enable, high effective 
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persist_si2c [28] User Mode from 12С Interface enable, high effective 
persist_sspi [27] User mode from SPI Interface enable, high effective 
persist_jtag [26] JTAG in user mode Interface enable, high effective 
persist_done [25] CFG_DONE in user mode Pin enable, active high 
persist_init [24] INIT_FLAG_N in user mode Pin enable, active high 
persist_rstn [23] RSTN in user mode Pin enable, active high 
pass_cal [22] Embedded FLASH Calibration successful flag, high effective 
4K/7K device this bit is reserved 
busy [21] Embedded Flash Busy flag, active high 
lock Embedded Flash Lock flag, active high 
[20] Embedded Flash When locked, no programming, no 
reading of bit stream data and user 
Flash , can only erase the whole Flash 
wake up [19] Embedded Flash Wake-up Нар, active high 
sleep [18] Embedded Flash Sleep flag, active high 
fallback [17] Fallback indicator, active high 
pll lock [16] PLLs Lock flag, active high 
gwen [15] Global write enable, active high 
grs n [14] Global register set reset, active high 
go out [13] Global I/O Output enable, active high 
reserve [12] 
glogen_fb [11] Global Logic Enable Feedback 
glogen [10] Global logic enable, active high 
done_i [9] DONE pin input 
done [8] Device wake-up success flag, active high 
init_n [7] INIT_FLAG_N pin input 
init_complete [6] Initialization complete and configuration error indication, 
active high 
wakedown_over [5] Wake-up shutdown is over, active high 
wakeup_over [4] Wake-up is over, active high 
timeout [3] Watchdog timeout, active high 
rbcrc_err [2] Readback CRC Test results 
0: CRC Correct 
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1: CRC wrong 


crc_err 


[1] 


CRC Test results 
0: CRC Correct 
1: CRC wrong 


id_err 


[0] 


ID Test results 
0: Correct 


1: wrong 


6. Dual Boot Address Register (DBOOTADRR) 


Table 16 Dual Boot Address Register Description 


NAME BIT DESCRIPTION 
reserve [31:19] 
Ba[1:0] [18:17] | heap address 
Ra[8:0] [16:8] page address 
reserve [7:6] 
Ca[5:0] [5:0] 32 Bit data page offset address 


for 1K devices, Ba[1:0] are reserved bits. 


for 2K device, Ba[1:0] is the reserved heap address and needs to be set to 2'b11. 


7. Watchdog Register (WATCHDOG ) 


Used for timeout detection in configuration mode. 


Table 17 Watchdog Register Description 
NAME BIT INITIAL VALUE DESCRIPTION 
wd_user_en | [31] 1'b0 Watchdog enable in user mode for shutdown 
operation 
wd_cfg_en | [30] 1'b0 Watchdog enable in configuration mode 
wd_value [29:0] | 30'h3FFF_FFFF Watchdog timeout value. 


8. Control Mask Register (CMASKR) 


The corresponding bit in the mask control register, the default value is 32710. 0 is mask. For example, when 
the value of the control mask register is 32'hO0000 0003, the lower 2 bits of the control register can write data, 


and other bits cannot write data. 
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9. Option Register 0 (OPTION0R) 


Table 18 Option Register Description 


NAME BIT INITIAL DESCRIPTION 
VALUE 
reserve [31] 
oscfsel_rbcrc [30:24] | 7'd0 Readback CRC Clock Frequency Selection 


7'b0000000 : 266/128, 2.08MHz 
7'b0000001 : 266/2, 133.00MHz 
7'b0000010 : 266/2, 133.00MHz 
7'b0000011 : 266/3, 88.67MHz 
7'b0000100 : 266/4, 66.50MHz 


7'b1111110 : 266/126, 2.11MHz 
7'b1111111 : 266/127, 2.09MHz 


done_syn [23] 1'b0 External done synchronization enable. Indicates whether 
the external input done is a synchronization signal to the 
output done. If it is a synchronous signal, the wake-up 
module of CCS uses it directly. If it is an asynchronous 
signal, it needs to be synchronized before use, usually 
used to delay the done function. 


0: out of sync 
1: synchronous 


reserve [22:12] 


wait pll [11] 150 Май for PLL lock enable оп wakeup 
0: No need to май for PLL locking 
1: Need to wait for PLL locking 
startup_sel [10:8] | 3'b000 Wake up clock selection 

000 : mclk 

001: sclk 

010 : tck 

011 : scl 

100 : uclk 

101 : spal_clk 


The wake-up clock can only choose the clock used during 
configuration or the user clock 


reserve [7] 


oscfsel [6:0] 7'd0 Master SPI Clock MCLK frequency selection 
7'b0000000 : 266/128, 2.08MHz 
7'b0000001 : 266/2, 133.00MHz 
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71580000010: 266/2, 133.00MHz 
71380000011 : 266/3, 88.67MHz 
750000100 : 266/4, 66.50MHz 


7'b1111110 : 266/126, 2.11MHz 
7'b1111111 : 266/127, 2.09MHz 


7. Configuration details 


10. Readback CRC Register (RBCRCR) 


CRC value for non-DRM data in configuration memory. 


(3) Slave SPI/slave І2С instruction set 


Table 19 Slave SPI/ slave І?С instruction set 


INSTRUCTION DESCRIPTION OPCODE 
NOP No Operation FF 
RDID Read Identification Al 
RD USER Read Usercode A2 
RDSR Read Status Register A3 
RDUID Read Unique Identification A4 
RDLOCK Read Embedded Flash lock Information A5 
CFG Config Bitstream 50 
WREN Write enable 51 
WRDIS Write Disable 52 
RESET Reset CPLD 60 
ERASE Erase Bulk 10 
ERASE PAGE Erase Page 11 
ERASE CTL Erase Features control bit 12 
PROGRAM Program page 20 
PROGRAM СТІ, Program Features Control bit 22 
READ Read 30 
READ CTL Read Features control bit 31 
PROGRAM LOCK Lock Embedded Flash 40 
EFlash SLEEP Embedded Flash sleep 70 
EFlash WAKEUP Embedded Flash wake up up 71 


Note: For detailed introduction of slave SPI/slave І?С instruction timing, refer to appendix 4 and appendix 
5 respectively. Special attention should be paid to the fact that during the operation from the SPI interface, 
FCSI N needs to be pulled high before all instructions start and after the instruction is completed, and at least 
8 clocks are given. 
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(А) Configure CRAM (configuration memory) via 5Р1/12С interface 
Configuration / reconfiguration 


Configuration, CPLD chip configuration from the beginning to the process of entering the user mode; 
reconfiguration, after the CPLD chip enters the user mode, reset (command reset or external trigger RSTN hard 
reset), clear all CRAM, exit the user mode, and then reconfigure process. 


The process is as follows: 

1.Ромег оп 

2. After the value of INIT FLAG N is 1, write the КО command and read the device IDCODE 

3. Check the value of IDCODE 

4. If the IDCODE does not match, terminate the operation. If IDCODE matches, write WREN instruction 
5. Write the CFG instruction to load the bit stream 


6. After the bit stream is sent, if it is released from the SPI/I?C interface to the user in user mode (the feature 
control bit persist sspi n/persist si2c n is 1), check the values of INIT FLAG М and CFG DONE, and the 
operation ends. If the SPI interface is used as a configuration interface in user mode, write the WRDIS command 


7. Write the RDSR instruction and read the device status register. At any time after power-on, the CPLD 
device can be cold-started (set RSTN to 0). After a cold start, you can go to step 2 to reconfigure the CPLD device. 
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Read STATUSR 
(Expect value: 
bit 4-wakeup over = 1, 
bit 6-init complete = 1, 
bit 8-done = 1) 


STATUSR 
matches 


Figure 18 Configuration / Reconfiguration Flowchart 
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Shutdown reconfiguration 


Power-off reconfiguration without resetting, without clearing all CRAM, without exiting user mode, 
powering down the device for reconfiguration/partial reconfiguration. Power-off reconfiguration needs to be 
implemented by writing a series of commands to the CCS. These commands complete the modification of the 
configuration registers in accordance with the bit stream packet format to realize the power-off reconfiguration 


function. 
Table 20 Shutdown reconfiguration from SPI 
PROCESS DATA 
Write WREN command 0x51 
Write CFG command, load: 0x50 
ОхЕЕЕЕЕЕЕЕ 
100 filler words - 
OxFFFFFFFF 
Sync word 0x01332D94 
No operation 0хА0000000 
. : 0xA8800001 
Write RSTCRC command to CMDR register 0x00000001 
қ Е OxAE400001 
Write OPTIONOR register (select wake-up shutdown clock) 0x00000100 
Write CMASKR register ОхАОСО0001 
Write ctrlr Registers (disable masked variable memory 0x00000010 
location readback) 
А : 0xA8800001 
Write SWAKEDOWN command to CMDR register 0х00000008 
0хА0000000 
20 по-ор ЕЕ 
0хА0000000 
Е : 0xA8800001 
Write GDOWN command to CMDR register 0x0000000A 
Е | 0xA8800001 
Write DESYNC command to CMDR register Ox0000000B 
Bit stream bit stream 
Write WRDIS instruction 0x52 
Write RDSR command, read device status register OxA3 
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Operational )< 
/ Send RDID N 
ы - 


| N 
d Read 32 ID bits ) 
С un 
p (ID Error) o 
а. DEREN no d 7% 
< mach? — > Abort | 
Ра ш] X г. 
+= 


/ Send WREN ~ 
ы” 


/ Send CFG 
\ (0x50) 2 


UE 
a Send Wakedown® < 


Command Flow Ñ 


" and 2 
c: Bitstream | 


Se 


/ Send WRDIS ^, 
“ee (0x52) p PA 
"d ^ Send RDSR ~ 
S. (0543) / 


— Read ЗТАТОЗВ ~ 
Ж (Ехресі value: “ 


( bit 4-wakeup_over = 1, 


NC bit 6-init complete = 1, 
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P d T 
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no 
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№ expected ^ 
Nabe » d 


yes 


Figure 19 shutdown reconfiguration process 
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(5) Programming embedded Flash via 5Р1/12С interface 


Embedded Flash supports direct operation of embedded Flash through JTAG, from SPI, and from 12С 
interface. The operation process of slave SPI and slave І?С is the same, only the interface timing is different. This 
section introduces the operation process of slave SPI and slave І?С. For the JTAG operation flow, see Chapter 8 
Boundary Scan and JTAG Configuration. 


From SPI, the complete process of programming embedded Flash from 12С interface is as follows: 


Send WREN 
(0x51) 
Send RDSR 
(0xA3) 


Read STATUSR 
(Expect value: 
bit 19-wake = 1, 
bit 20-lock — 0, 
bit 21-busy = 0) 


expected 
/alue? 


bit 19-wake = 
0? 


ү 
Send RDSR 
(0х АЗ) 


Read STATUSR 
(Expect value: 
bit 21-busy = 0) 


Read STATUSR 
(Expect value: 
bit 21-busy = 0) 


Continue 


Figure 20 Programming Embedded Flash 1 


https://innek.ru 


44/195 


CPLD Configuration User Guide 


PYA 


Continue D) 


| % 


| page number = 0 ) 


UN 


y Send PROGRAM (0x20) ~ 


7. Configuration details 


\ With page numb 


er А 
— d M 


Check busy? 


<“ C Send о, 
| Delay 9.4ms ) 
< м 27 


“Read STATUSR 
(Expect value: 


ы. x bit 21- сав 0) "i 


Read STATUSR 
matches 
expected 
value? 


Verify 


| yes 


ger M. 

ај Send READ 

( (ох30) 
With page number“ 


Read page 
bitstream 
match? 


page number 
= total page 
number? 


с ван 
V End 


Figure 21 Programming Embedded Flash 2 
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(6) Internally from the APB Interface Programming Embedded Flash 


The Compact series CPLD supports the internal slave APB interface through user logic operation to realize 
the operation of the embedded Flash. The input of user logic can be JTAG interface or user-defined interface. 
In-system indirect programming logic block diagram is shown below. 


JTAG 
or user logic Internal slave APB interface Embedded 
user-defined ЕШ FLASH 
interf 
Interrace CPLD 


Figure 22 In-system indirect programming logic block diagram 


Please refer to Appendix 7 for detailed internal operation procedures from APB. 
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8. Boundary scan and JTAG configuration 


JTAG test refers to the application of test stimulus and analysis of test response through JTAG pins, so as 
to realize the fault diagnosis of the circuit under test. 


The device supports IEEE1149.1 (boundary-scan testing) and IEEE1532 (programmable device in-system 


configuration) standards. 


Boundary scan test (BST) refers to the test of digital circuits by using the boundary scan unit of the chip 


pins through the JTAG bus. 


(1) System block diagram 


TAP controller 


Instruction register 


TMS ” 
TDI . 


Device Flags Register 


wr 


—s 


Bypass register 


— i 


— —* Boundary Scan Register.  " 


multiplexer == ТОО 


Figure 23 JTAG Boundary Scan System Block Diagram 


The boundary scan hardware structure is divided into 4 parts: 


Test Access Port (TAP) 


Test Access Port Controller (TAPC) 


Instruction Register (IR) 


Test Data Register (TDR) 


(2) TAP controller 


The TAP controller is the core that controls the entire JTAG work. According to the TCK and TMS signal 
conversion, the TAP controller outputs various timings and patterns required by the instruction register and the 
test data register, and generates control signals for capturing, shifting, and updating the instruction register and 


the test data register. 


The TAP controller is a 16-state synchronous finite state machine. As shown in Figure 24, the state machine 
is divided into 3 columns, corresponding to reset operation, test data register operation, and instruction register 
operation. The data on the state switch line is the TMS signal level. On the rising edge of TCK, the state of the 


TAP controller is toggled. 


For testing, TAPC's state machine consists of 3 basic actions: stimulus (data update state), execution 
(test/idle state), response (data capture state). For different types of tests, all are subsets of these 3 actions. For 
example, the external test (EXTEST instruction), only needs two actions of excitation and response. 
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16677712 
0 

ACIE 
"m I 
(S [<= 
g 
1 
1 


Update-IR 
1 0 


Ехі12-0В 
1 


Updete-DR 
0 


Figure 24 ТАР synchronous finite state machine 


Note: The detailed status introduction is shown in Appendix 8. 


(3) Instruction register 
The instruction register is 10 bits long. 


The instruction register receives and decodes instructions, generates control signals, selects the test data 
register to be placed on the scanning link from TDI to TDO, and controls the loading source and driving purpose 
of the test data register. 


When TAPCenters the instruction capture state, at the rising edge of TCK, the instruction register captures 
data (1'bO, busy, wakedown over, wakeup over, init n, init, isc_enabled, isc done, 2’b01}. busy indicates that 
the embedded FLASH is busy, wakedown over indicates the completion of wake-up shutdown, wakeup over 
indicates the completion of wake-up, init n indicates the completion of INIT FLAG N, init indicates the 
completion of device initialization, isc enabled indicates that the JTAG ISC operation is enabled, and isc done 
indicates that the JTAG ISC operation is completed. The 2 least significant bits are a fixed value of 01, which 
realizes the detection and fault location of the integrity of the scanning link. 


When writing instructions to the instruction register, write the lower bits first. 


When the TAPC enters the instruction update state, on the falling edge of TCK, the instruction from the 
shift register path is latched into the parallel output of the instruction register. Once the new command is 
latched, it is updated with the current command. 
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INSTRUCTION TYPE OPCODE DESCRIPTION 
1149.1 1111111111 | Bypass instruction 
BYPASS non-test 
instruction 
1149.1 1010000000 | Sampling / Preloading Instructions 
SAMPLE/PRELOAD non-test 
instruction 
1149.1 1010000001 
EXTEST test command external test command 
1149.1 1010000010 | internal test command 
INTEST test command 
1149.1 1010000011 | Identification instruction 
IDCODE non-test 
instruction 
1149.1 1010000101 | high resistance command 
HIGHZ test command 
JRST Design 1010001010 | reset command 
Proprietary 
READ_UID Design 0101001100 | read UID instruction 
Proprietary 
RDSR Design 0101011001 | Read Status Register Instruction 
Proprietary 
WADR Design 0101011010 | write address command 
Proprietary 
ERASE Design-only | 0101011101 | erase command 
ERASE PAGE Design 0101011110 | page erase command 
Proprietary 
ERASE СТІ. Design 0101011111 | Control Erase Command 
Proprietary 
PROGRAM Design 0101100000 | programming instructions 
Proprietary 
PROGRAM_CTL Design 0101100001 | Control programming instructions 
Proprietary 
READ Design 0101100010 | read command 
Proprietary 
READ CTL Design 0101100011 | control read command 
Proprietary 
PROGRAM. LOCK Design 0101100100 | Lock Embedded Flash instruction 
Proprietary 
READ LOCK Design 0101100101 | Read embedded Flash lock flag instruction 
Proprietary 
EFlash SLEEP Design 0101100110 | Embedded Flash sleep command 
Proprietary 
EFlash WAKEUP Design 0101100111 | Embedded Flash wake up command 
Proprietary 
Design 1010001011 | configuration directives 
CFGI | 
Proprietary 
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Design 1010001101 | wake up command 
Weaker Proprietary 
CFGO Design 1010001100 | readback command 
Proprietary 


Note: Please refer to Appendix 1 for detailed introduction of JTAG instructions. 


(5) Test Data Register ( ТОК ) 


Table 22 Test data register table 


ATTRIBUTES NAME BIT 
WIDTH 
Test Data Register Device 32 
Identification 
Register 
Bypass register 1 
Boundary Scan 2 
Register 


Table 23 Instruction and test data register correspondence table 


INSTRUCTION TEST DATA REGISTER 
BYPASS Bypass register 
SAMPLE/PRELOAD | Boundary Scan Register 
EXTEST Boundary Scan Register 
INTEST Boundary Scan Register 
IDCODE Device Identification Register 
USERCODE Device Identification Register 
HIGHZ Bypass register 


1. Device Identification Register 


The device flags register is 32 bits long. 


The device flag register can be accessed through interfaces such as JTAG, SPI and РС. 


Table 24 Device Identification Register 


BIT NAME DESCRIPTION 
[31:28] | version Version 
[27:12] | part number Part number 
[11:1] | manufacturer identity Manufacturer ID 
[0] 1 constant 1 


2. Bypass register 


When some chips need to be isolated, the bypass register can be short-circuited and shorten the length of 
the entire boundary-scan link. 
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The length of the bypass register is 1 bit. 


The bypass register is capable of capture and shift operations and has no parallel outputs. 


When the state machine of TAPC is in the data capture state, the bypass register captures a logic 0 on the 
rising edge of TCK. 


When the state machine of TAPC is in the data shift state, the bypass register captures TDI on the rising 
edge of TCK. 


The bypass register has no parallel output. 


3. Boundary scan registers 


A boundary-scan register is a collection of boundary-scan cells. Boundary-scan cells are placed on input 
ports, output ports, bidirectional ports, and tri-state ports of device signals. Boundary-scan cells are connected 
together to form a boundary-scan register. 


Pin connections and placement constraints determine the order in which boundary-scan cells are 
connected. 


Multiplexing PAD TCK, TMS, TDI, TDO no boundary scan register. 
The boundary-scan registers for all other PADs are the boundary-scan registers for bidirectional DC PADs. 


Boundary scan register usage for bidirectional DC PAD: BC_2 Control+BC_7 Data 


(6) Operation process 
1. CRAM configuration 


Configuration/reconfiguration 


Configuration, the process of the CPLD chip from the beginning of configuration to enter user mode; 
reconfiguration, after the CPLD chip enters user mode, reset (JTAG soft reset or externally triggered 
INIT_FLAG_N hard reset), clear all CRAMs, exit user mode, and then the process of reconfiguration. The flow is 
as follows: 


Load the JRST instruction into IR, write the instruction low bit first 


Enter the Run-Test/Idle state for at least 1 TCK cycle 


Loop into CAPTURE-IR state and load CFGI instruction into IR until init n is detected as high, first 
write instruction low 


Enter SHIFT-DR state, load bit stream, write high bit first 


Enter Test Logic Reset state 


Load the JWAKEUP instruction into IR, write the instruction low bit first 


Enter Run-Test/Idle state for at least 30 TCK cycles 


(wake-up by user clock for a minimum of 30 UCLK cycles) 


Load CFGI instruction into IR, write instruction low bit first 


Enter Run-Test/Idle state for at least 125 TCK cycles 
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Enter SHIFT-DR state: 


Write a filler word (FFFFFFFF), write high bit first 


Write synchronous word (01332D94), write high bit first 


Write the packet header (00000000) with no operation, write the high bit first 


Write packet header (B2400001) with read STATUSR register, write high bit first 


Load the CFGO instruction into IR, write the instruction low bit first 


Enter SHIFT-DR state, shift out the content of STATUSR register, high bit first out 


Enter Test Logic Reset state 


2. Embedded Flash programming 


After the device initialization is completed, it needs to wait for 100us before operating. 


Please refer to Appendix 2 for the detailed JTAG operation process. The number of continuous clock cycles 
in the Run Test Idle state is obtained from the fixed delay time when TCK is SOMHz. The user can determine the 
number of clocks according to the actual TCK frequency. Users can determine the number of clocks to wait 
according to the actual TCK frequency. If TCK needs 100 cycles when it is 50MHz, then it needs 10 clock cycles 
when it is 5MHz. 


3. Step test 


The single-step test controls the input port through the boundary scan register, applies excitation to the 
input port of the chip, and captures the response data of the chip output port into the boundary scan register, 
and serially shifts it out through the TDO port. 


Table 25 Step test 


Load preload command ( PRELOAD ) 

Send first test vector (input stimulus serially shifted in and parallel updated to boundary scan 
registers) 

Load In-Test Instruction (INTEST) ( input changed from input port to boundary scan register ) 


While sending the second test vector, move out the first response data from the TDO port for 
response analysis and fault diagnosis (the input stimulus is serially shifted in while the output 
response is serially shifted out, and then the input stimulus is updated to the boundary scan register 
in parallel) 

While sending the third test vector, move out the second response data from the TDO port for 
response analysis and fault diagnosis (the input stimulus is serially shifted in while the output 
response is serially shifted out, and then the input stimulus is updated to the boundary scan register 
in parallel) 


While sending the n+1th test vector, move out the nth response data from the TDO port for response 
analysis and fault diagnosis (the input stimulus is serially shifted in while the output response is 
serially shifted out, and then the input stimulus is updated to the boundary scan register in parallel) 
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Load PRELOAD Instruction 


(#%A Pattern 1) 

(E 3021 FRA BF FF #8 Pattern 1) 
Cordis A iili Pattern 1) 

(hi ЗК На N Response 1) 

(Ж A Pattern 2, ££ ІҢ Response 1) 

(ий A Latte 2) 
(hl М НИ ЛУ Response 2) 


iti cr НИ PV Response п) 


Go to Shift-DR )(# АРайегп n*1, ЖИН Response n) 


Go to Update-DR 


(4% A Pattern 3, ## Н Кезропве 2) 


(Пра A Rib Pattern 3) 


Cn ax A) Pattern n+1) 


Go to Test Logic Reset 


Figure 25 Boundary Scan Single Step Test 
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4. Interconnect Test 


The interconnection test controls the output port through the boundary scan register, and generates the 
output stimulus of the output port of the chip. The response data from the input port of the chip is captured 
into the boundary scan register and shifted out serially by the TDO port. 


Table 26 Interconnect test 


Load preload command (PRELOAD) 
Send first test vector (output stimuli serially shifted in and parallel updated to boundary scan registers) 


Load external test instruction (EXTEST) (output controlled from output port to boundary scan register) 


While sending the second test vector, move out the first response data from the TDO port for response 
analysis and fault diagnosis (the output stimulus is serially shifted in while the input response is serially 
shifted out, and then the output stimulus is updated to the boundary scan register in parallel) 

While sending the third test vector, move out the second response data from the TDO port for response 
analysis and fault diagnosis (the output stimulus is serially shifted in while the input response is serially 
shifted out, and then the output stimulus is updated to the boundary scan register in parallel) 


While sending the n+1th test vector, move out the nth response data from the TDO port for response 
analysis and fault diagnosis (the output stimulus is serially shifted in while the input response is serially 
shifted out, and then the output stimulus is updated to the boundary scan register in parallel) 
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( Load PRELOAD Instruction. ) 


Go to Shift-DR ) (В A Pattern 1) 


Go to Update-DR ) (ENAR HAA а Pattern 1) 


Load EXTEST Instruction ) (ИІН ЙРайцегтп 1) 


Go to Capture-DR) (11i 34i АЛМАУ Response 1) 


Go to Shift-DR ) (f£ APattern 2, ££ НИ Response 1) 


Go to Update-DR ) (ИЯ ЖАУЙРайегп 2) 


Go to Capture-DR) (413 Ай Response 2) 


Go to Shift-DR ) (Ж A Pattern 3, f£ HiResponse 2) 


Go to Update-DR У) (АН tH Jl Pattern 3) 


Go to Capture-DR) (HÌ 34 XJ PV Response n) 


Go to Shift-DR ) (f£ A Pattern п+1, 4% Н Кеѕропѕе п) 


ђ 


Go to Update-DR ) (ПА Н Ракет п+1) 


( Go to Test Logic Reset 


Figure 26 Boundary Scan Interconnect Test 
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9. User logic interface 


The CPLD device supports 6 user logic interfaces, which are JTAG user command interface, UID interface, 
power controller, user wake-up interface, internal slave APB interface, and readback CRC. For detailed GTP 


usage, please refer to the PDS software installation appendix 
.\PDS_xxx\arch\vendor\pango\verilog\simulation. 
(1) JTAG user command interface (SCANCHAIN) 
TCK, TMS, TDI are input from PAD to Fabric. 
TCK > 
TMS > 


TDI — — » 
FLG USER 1—— — s= 
JRST — 


Шыға 5 СА М С Н А | N ЈВТІ —— 
сосков г» 
CAPTUREDR — 
SHIFTDR 1—— — — —»- 
UPDATEDR | » 
Figure 27 JTAG user command interface 
1. Port list 
Table 27 JTAG user port list 
NAME I/O DESCRIPTION 
TCK O JTAG Clock, up to 50MHz 
TMS О JTAG Test mode selection. Clock TCK Rising edge, control ТАР Controller 
state jump 
TDI О JTAG test data input. Serial input to JTAG instruction and data registers on 
rising edge of clock TCK 
FLG_USER O User Defined Register Instruction Flags 
TDO_USER | User-defined register data input 
JRST O User JTAG soft reset 
JRTI О User JTAG test / idle 
CLOCKDR О Gated clock for user-defined register instruction operations 
CAPTUREDR O User CAPTURE-DR flag 
SHIFTDR O User SHIFT-DR flag 
UPDATEDR О User UPDATE-DR ID 
https://innek.ru 


CPLD Configuration User Guide 


56/ 195 


рү? А A 
o ия > 44 9. User logic interface 
2. Interface timing 


TCK 

JRST 
FLG_USER 
CLOCKDR 
CAPTUREDR 
SHIFTDR 
UPDATEDR 
TDO_USER 


тро 


Figure 28 ЈТАС User Interface Timing Diagram 


(2) UID interface ( UDID ) 


The 64-bit UID is stored in the embedded Flash and programmed uniformly when the device leaves the 
factory. Every time the device is powered on, the UID in the embedded Flash is automatically read into the 
register so that the user can take it out at any time. 


UID CLK 
UID DIN 
UID LOAD 
UID SE 


Figure 29 UID interface diagram 


1. Port list 


Table 28 UID port list 


UID CLK | UID clock 

UID_DIN | UID serial data input 
UID_LOAD | UID Parallel Data Loading 
UID_SE | UID serial data shift 
UID_DOUT O | UID serial data out 


2. Interface timing 


UID length is 64 bit. 


https://innek.ru CPLD Configuration User Guide 
57/ 195 


PYA 


UID_LOAD 


UID_DOUT 


64 Cycles 


UID_CLK 


UID_SE 


Figure 30 64 -bit UID interface timing diagram 


User can extend UID bit width. 


UID_CLK 


UID_LOAD 


UID_SE | 
UID DIN ——— 


UID DOUT — 


64+п Cycles 


ПГ! 


| | 


9. User logic interface 


.. [563 | 564 |565 [see |... pem 
LSB |LSB 


Figure 31 Extended UID Timing diagram 


(3) Power consumption controller 


1. Port list 
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PCTLR TIMER EN N 
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PCTLR CLR N 
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Figure 32 Power Consumption Controller Interface Diagram 
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SOURCE / 
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DESCRIPTION 


PCTLR_CLK 


SRB 


Clock, the highest frequency is 50M 


PCTLR_STDBY_EN_N 


SRB 


Standby enable, active low starts from the 
falling edge of standby enable, and enters 
the shutdown process from working mode 
to standby mode. 

Starting from the rising edge of standby 
enable, it enters the wake-up process from 
standby mode to working mode. 


PCTLR_TIMER_EN_N 


SRB 


Timer enable, low active pulse signal, start 
timer to start counting 


PCTLR_CLR_N 


SRB 


End of standby, low effective pulse signal, 
used to clear the standby flag after wake-up 


PCTLR_BG_STABLE 


bandgap circuit 


bandgap circuit stability 


PCTLR_POR_OFF 


Power-on reset 
circuit 


Power-on reset circuit shuts down 


PCTLR_BG_OFF 


bandgap circuit 


When the bandgap circuit is turned off, the 
power-on reset circuit and analog circuits 
(PLL, OSC, differential ІО) are turned off 
when the bandgap circuit is turned off 


PCTLR_STOP 


SRB 


stop 

Used for standby preparation. User logic 
prepares for standby by turning off signals 
such as clocks 


PCTLR_STDBY 


SRB 


standby 

Global signals, via SRB Output to user logic, 
IO PAD , PLL. Used to control the logic 
circuit into standby mode 


PCTLR_STDBY_FLG 


SRB 


standby sign 
Indicates that the device is in standby mode 


SPI WAKEUP 


SPI function 
block 


SPI function block wakeup request 

When the wake-up enable bit of the control 
register of the SPI function block is valid, if 
the SPI function block is selected as a slave 
device (the chip select input is valid), then 
the SPI function block sends a wake-up 
request to the power controller 


І2С0 WAKEUP 


І2С0 function 
block 


1220 function block wakeup request 

When the wake-up enable bit of the control 
register of the |2C0 function block is valid, if 
the І2С0 function block is selected as a slave 
device (the slave device address matches), 
then the 1200 function block sends а wake- 
up request to the power controller 
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12C1_WAKEUP | 


РС1 function 
block 
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І2С1 Function Block Wakeup Request 

When the wake-up enable bit of the control 
register of the І2С1 function block is valid, if 
the І2С1 function block is selected as a slave 
device (the slave device address matches), 
then the I?C1 function block sends а wake- 
up request to the power controller 


2. Mode conversion 


The power controller has four modes, which are shutdown mode, standby mode, wake-up mode, and 
working mode. The state machine composed of PCTLR STOP and PCTLR STDBY signals is used for mode 
switching control. The mode transitions and truth table are shown below. 


gy b Standby is enabled and the function block has no wake-up request © N 

( Operating mode } » Shutdown mode | 

N N / 

pO L 2222 / 

Ті t let 
Bandgap circuit stability МАМУЛА 
— y. 
pe — Pd 

и Clear standby enable or function block sends wakeup request f 

( Wakeup mode је | Standby mode | 

N N / 

|| Е Ж Жы. ке ЕА 


Figure 33 Power Controller Mode Transition Diagram 


Table 30 Power Controller Mode Truth Table 


PCTLR_STOP | PCTLR_STDBY 
Operating mode 0 0 
Shutdown mode 1 0 
Standby mode 1 1 
Wake up mode 0 1 
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3. Interface timing 


ТЕМА Хжед HURR 21:54 IPRA 


PCTLR ак = — di i 
Г 
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тже P L || | | ` 
mm 
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ммм | | | 4-- | LL 
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калио ___ | БЕНЕН 


Figure 34 Timing Diagram of Power Consumption Controller Interface 
Note that only after the bandgap circuit is stable can there be a stable clock. 
1) standby 
TFR хе бив 
> 0 cycle 256 cycle 
POTIRCIK | | | | | | ww | | LI L | [ = 
PCTLR STDBY ЕМ М 
PCTLR TIMER EN М 
PCTLR STDBY FLG 
PCTLR STOP 
PCTLR STDBY 
PCTLR POR OFF 
PCTLR BG OFF 


PCTLR BG STABLE 


PCTLR CLR N 


Figure 35 Standby Sequence Diagram 


1. Standby enable STDBY EN N changes from invalid to valid, and the power controller enters shutdown 
mode from working mode: 
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a. The standby flag, STDBY_FLG, is generated to indicate that the device is in standby mode. 


b. A standby preparation STOP is generated, and the user logic prepares for standby by turning off signals 
such as clocks. 


2. When the timer is enabled, the TIMER_EN_N pulse is valid, and the timer starts counting. 


3. After the timer counts 256 clock cycles: 


a. Generate a standby global signal, output to the user logic, IO PAD, OSC, PLL through SRB, and use it to 
control the logic circuit to enter the standby mode. 


b. Turn off the bandgap circuit and power-on reset circuit. When the bandgap circuit is turned off, the 
power-on reset circuit and analog circuits (PLL, OSC, differential 10) are turned off. 


2) wake 


ВБИВ ГМА LEHR 


PCTLR STDBY EN N 


PCTLR STOP | | 
B + SL 


PCTLR_BG OFF 
PCTLR BG STABLE Г | I 

PCTLR STDBY Био = 

PCTLR CLR N 


PCTLR POR OFF 
PCTLR STDBY FLG 


PCTLR TIMER EN N 


Figure 36 Wake-up Timing Diagram 


1. Standby enable STDBY EN М changes from valid to invalid, and the power controller enters wake-up 
mode from standby mode: 

a. Clear STOP for standby preparation. 

b. Turn on the bandgap circuit. 


2. After the bandgap circuit is stable, the standby global signal is cleared, and the power controller enters 
the working mode from the wake-up mode. 


3. After entering the working mode, the user logic generates a standby end pulse: 
a. Turn on the power-on reset circuit. 


b. Clear the standby flag STDBY FLG. 
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3) SPI / РС function block wakes ир 
ЕЕ ni AE HE —,h——a ЕЖА 


РГ >0сусіе — 


PCTLR CLK піп. ртг 


SPI WAKEUP/I2C0_WAKEUP/ 
DCI WAKEUP 


PCTLR_STDBY_EN № 
PCTLR STOP 


PCTLR BG OFF 


PCTLR BG STABLE 
PCTLR STDBY 


PCTLR CLR N 


PCTLR POR OFF 


PCTLR STDBY FLG 


4 
4 
+ 


PCTLR TIMER ЕМ М 


Figure 37 SPI/I?C function block wake-up timing diagram 


When the wake-up enable bit of the control register of the SPI function block is valid, if the SPI function 
block is selected as a slave device (the chip select input is valid), then the SPI function block sends a wake-up 
request to the power controller. 


When the wake-up enable bit of the control register of the С function block is valid, if the І2С function 
block is selected as a slave device (the slave device address matches), then the | С function block sends а wake- 
up request to the power controller 


1. The function block sends a wakeup request (SPI_WAKEUP or 12С0 WAKEUP ог I2C1_WAKEUP), and the 
power controller enters wakeup mode from standby mode: 


a. Clear STOP for standby preparation. 
b. Turn on the bandgap circuit. 


2. After the bandgap circuit is stable, the standby global signal is cleared, and the power controller enters 
the working mode from the wake-up mode. 


3. After entering the working mode, the user logic generates a standby end pulse: 
a. Turn on the power-on reset circuit. 

b. Clear the standby flag STDBY_FLG. 

4) SPI/I?C function block standby 


After the SPI/I?C function block operates in slave mode, cancel the wake-up request. At this time, if the 
user standby enable is valid and there is no wake-up request from other functional blocks, the power 
consumption controller returns to the standby mode. 


https://innek.ru CPLD Configuration User Guide 
63/ 195 


) 17742; 
D и d 3⁄4 9. User logic interface 
ЕЯ. Хх нива 

>2 cycle 256 cycle 


PCTLR СІК 


SPL WAKEUP/I2C0 WAKEUP/ 
ІЗСІ WAKEUP 


PCTLR STDBY EN N 
PCTLR TIMER EN N 
PCTLR STDBY FLG 
PCTLR STOP 

PCTLR STDBY 
PCTLR POR OFF 
PCTLR BG OFF 


PCTLR BG STABLE 


PCTLR CLR N 


Figure 38 SPI/I?C function block standby timing diagram 


1. Standby enable STDBY EN N changes from invalid to valid, and the power controller enters shutdown 
mode from working mode: 


a. The standby flag STDBY FLG is generated to indicate that the device is in standby mode. 


b. Generate STOP for standby preparation, and the user logic prepares for standby by turning off the clock 
and other signals. 


2. When the timer is enabled, the TIMER EN М pulse is valid, and the timer starts counting. 
3. After the timer counts 256 clock cycles: 


a. Generate standby global signal, output to user logic, IO PAD, OSC, PLL through SRB, used to control logic 
circuit to enter standby mode. 


b. Turn off the bandgap circuit and power-on reset circuit. When the bandgap circuit is turned off, the 
power-on reset circuit and analog circuits (PLL, OSC, differential IO) are turned off. 


(4) User wake-up interface (START) 


UCLK 


ax SIARKI 


GWEN I 


Figure 39 User wake-up interface diagram 


1. Port list 
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Table 31 User wakeup port list 


NAME 1/0 DESCRIPTION 
UCLK | User clock 
GOUTEN | | User output enable 
GRSN_I | User Global Reset 
GWEN_|I | User memory write enable 


2. Parameter 


Table 32 User wakeup parameter table 


NAME DEFAULTS DESCRIPTION 


User output enable is valid 
DISABLE | ENABLE: valid 
DISABLE: disabled 


User global reset is valid 


CP_GOUTEN_EN 


CP- GRSNCEN DISABLE | ENABLE: valid 

DISABLE: disabled 

User memory write enable is valid 
CP_GWEN_EN 


DISABLE | ENABLE: valid 
DISABLE: disabled 


(5) Internal slave APB interface 


The internal slave APB interface of the configuration control system is an APB slave device interface, which 
is compatible with the AMBA APB3 protocol and supports 7 slave devices, namely CCS, SPI, І2С0, 1221, TIMER, 
PLLO, and PLL1. 


— ~ Рок 

| PRESETN 

д Pappr[4:0] 

— PSEL CCS 

в) PSEL SPI 

| PSEL 12C0 from internal 
— R PSEL 1201 
| PSEL TIMER 
——————  PSEL_PLL0 
— мм 
— F РЕМАВІЕ 
—  PWRITE 
—— P PWDATA[7:0] 


PRDATA[7: 0] L————————— —» 
APB PREADY | = 


Figure 40 From the internal APB interface diagram 


1. Port list 
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Table 33 From internal APB port list 


pclk | | dock, rising edge sampling 


preset | Asynchronous reset, active low 
paddr[4:0] | | address bus 
psel | Indicates that at the current moment, only one of the seven 
slave devices can be selected 
penable | Enable 
Indicates the second and subsequent cycles of the transfer. 
pwrite | | Direction 
0:геаа 1: write 
pwdata[7:0] | | data bus input 
prdata[7:0] o | data bus output 
ready о | getready 
Indicates the end of a normal bus cycle 


2. Interface timing 


Write 


no wait write 


pelk 
paddr[4:0] 
pwrite 

psel 
penable 
pwdata[7:0] 
prdata[7:0] 


pready 


Figure 41 no wait write 
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With wait cycle 


pwdata[7:0] 
prdata[7:0] 


pready 


Continuous writing 


Figure 42 Waiting to write 


9. User logic interface 


Read 


no wait read 
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Figure 43 Continuous writing 
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Figure 44 Read without wait 
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With wait to read 


penable 


pwdata[7:0] 
prdata[7:0] 


Continuous reading 


pready 


Figure 45 Waiting to read 


9. User logic interface 
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Figure 46 Continuous reading 


Figure 47 Read after write 
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3. Register 
Table 34 Internal slave APB register 
NAME R/W | ADDRESS DESCRIPTION 
IDCODERO R 00000 | IDCODE register 0 
IDCODER1 R 00001 | IDCODE register 1 
IDCODER2 R 00010 | IDCODE register 2 
IDCODER3 R 00011 | IDCODE Register 3 
USERCODERO R 00100 | USERCODE register 0 
USERCODER1 R 00101 | USERCODE register 1 
USERCODER2 R 00110 | USERCODE register 2 
USERCODER3 R 00111 | USERCODE Register 3 
UIDRO R 01000 | UID register 0 
UIDR1 R 01001 | UID register 1 
UIDR2 R 01010 | UID register 2 
UIDR3 R 01011 | UID Register 3 
UIDR4 R 01100 | UID Register 4 
UIDR5 R 01101 | UID Register 5 
UIDR6 R 01110 | UID Register 6 
UIDR7 R 01111 | UID Register 7 
STATUSRO R 10000 | Configuration Control System Status Register 0 
STATUSR1 R 10001 | Configuration Control System Status Register 1 
STATUSR2 R 10010 | Configuration Control System Status Register 2 
STATUSR3 R 10011 | Configuration Control System Status Register 3 
IRQCTLR R/W| 10100 | Interrupt Control Register 
CMDR R/W| 10101 | command register 
ADRO R/W| 10110 | address register 0 
ADR1 R/W| 10111 | address register 1 
ADR2 R/W| 11000 | address register 2 
DATATR W 11001 | data send register 
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Figure 48 Read after write 
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DATARR R 11010 | Data Receive Register 
STATUSR R 11011 | status register 
IRQSTATUSR R 11100 | Interrupt Status Register 
IRQR R 11101 | interrupt register 
LOCKRARO R 11110 | Lock Page Register 0 
LOCKRAR1 R 11111 | Lock Page Register 1 


Note: For the introduction of internal slave APB interface registers, please refer to Appendix 6. 


(6) Readback CRC (RBCRC) 


The readback CRC check uses a 32-bit CRC algorithm, and the initial value of the CRC is 0. When reading 
back, do a CRC calculation for 32-bit data. 


A CRC value is calculated for each readback. If the CRC result of the readback calculation is inconsistent 
with the value of the readback CRC register, the readback CRC error bit of the status register is high. 


The readback CRC clock is input from OSC to CCS and SRB simultaneously. 


RBCRC_CLK 


RBCRC ERR 
«xs ВВСЕС 


ВСКС VALID 
RBCRC START = ы 


Figure 49 Readback CRC interface diagram 


1. Port list 
Table 35 Read back CRC port list 
NAME 1/0 SOURCE / DESCRIPTION 
DESTINATION 
RBCRC_CLK | OSC Readback CRC Clock, the default is 2.08M , the highest 
frequency is 33.3M 
Readback CRC Reset 
Used to reset the readback CRC error flag and clear the 
readback CRC initial value 
When readback CRC reset and readback CRC start are valid at 
the same time, readback CRC start cannot be started 
RBCRC_RST | SRB Readback CRC reset is invalid, when RBCRC_START is valid, start 
readback CRC start 
The reset and read-back CRC operation can only be performed 
before and after the read-back CRC is completed. During the 
read-back CRC process (from the start of the read-back CRC to 
the read-back CRC information valid flag indicating the end of 
the read-back CRC), the reset and read-back operation cannot 
be performed. Read CRC operation 
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Readback CRC start 
Pulse Start Readback CRC Start 
During the process of reading back CRC (from the start of 
RBCRC_START | SRB reading back CRC to the end of reading back CRC indicated by 
the valid flag of reading back CRC information), the start signal 
of reading back CRC is invalid. The next read-back CRC can only 
be started after the end of one read-back CRC 


RBCRC_ERR О SRB Readback CRC error flag 
Readback CRC information valid sign 

RBCRC_VALID О SRB Pulse signal, indicating readback CRC Error flag valid and 
readback CRC the end 


2. Interface timing 


1) single step operation 


After the last CRC readback ends, before the next CRC readback starts. 


ElitercH hi F—— v ElikcRCht Ed [a i CRCÉS Ја 


20cyde ———4 2 Осу е 


ЕВСЕС СІК 


RBCRC RST 


RBCRC START 


RBCRC ERR 


RBCRC VALID 


Figure 50 Timing diagram of single-step operation 


2) Continuous operation 


[— 200 — >0сусе 
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RBCRC RST 


RBCRC_START 


RBCRC_ERR Flag 
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3) Burst operation 


When reading back CRC continuously, the RBCRC_START signal can be fixed to 1. 


RBCRC.CLK [l | Ее Ll. í L.L Li L.I = | LIL 1 L LI == Гү Г 


RBCRC_RST 


RBCRC_START 


RBCRC_ERR Flag эмек Flag 
RBCRC VALID | 4 J ы L 
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10.Embedded hard core 


CPLD devices support SPI, 12C and timer functions. For details, please refer to "UG030007_Compact Series 
CPLD Embedded Hard Core User Guide" 


11. Contact us 


Контакты для технических H коммерческих вопросов 
ООО «Инэк» 
г. Санкт-Петербург, ул. Яблочкова, д. 20, литер A, оф. 504 
contact@innek.ru 
+7 (812) 200-40-37 


Комментарии и предложения по переводу пишите на почту 
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Appendix 1 


Introduction to JTAG interface instructions. When writing ап instruction, write the low bit first. 


BYPASS 


Bypass instructions. 
The bypass instruction puts the bypass register on the scan chain of TDI and TDO, and the device is in active 


mode. 


SAMPLE/PRELOAD 


Sample/preload instructions. 
The sample/preload instruction places the boundary-scan registers on the TDI-TDO scan link. 


When the state machine of TAPC is in the data capture state, it captures the data of the input pins of the 
device. 


When the state machine of TAPC is in the data shift state, the test vector is moved into the boundary scan 
register through the scan chain. 


When the state machine of TAPC is in the state of data update, the newly moved data will be latched to 
the parallel output terminal of the boundary scan unit, but will not be updated to the output pin of the device. 


In Sample/Preload mode, the device is in Active mode for normal operation. 


EXTEST 


external test command. 
The external test command realizes the interconnection test between the chip pins. 
The external test instruction places the boundary-scan register on the TDI-TDO scan link. 


When the state machine of TAPC is in the data capture state, it captures the data of the input pins of the 
device. 


When the state machine of TAPC is in the data shift state, the test vector is moved into the boundary scan 
register while the data capture result of the input pin of the device is shifted out through the scan chain. 


When the state machine of TAPC is in the state of data update, it latches the newly moved data into the 
parallel output terminal of the boundary scan unit and updates it to the output pin of the device. 


Before performing the external test command, it is necessary to perform pre-load command operation and 
pre-load test vectors. Once the external test command is activated, the pre-installed test vector will be driven 
to the output pin, so as to ensure the state of the output pin is controlled. 


In the external test command mode, the device is in the test mode and cannot work normally. 


INTEST 


Internal test instructions. 


The internal test instruction uses the boundary-scan register as the input and output of the device to 
implement a static test of the system logic. 


The inner test instruction places the boundary-scan registers on the TDI-TDO scan link. 
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When the state machine of ТАРС is in Ше data capture state, it captures the data of the output pins of the 
device. 


When the state machine оҒТАРС is in the state of data shifting, the data capture result of the output pin of 
the device is shifted out through the scan chain, and at the same time, the test vector is shifted into the 
boundary scan register. 


When the state machine of TAPC is in the state of data update, the newly moved data is latched to the 
parallel output terminal of the boundary scan unit and updated to the input pin of the device. 


Before performing the internal test command, it 15 necessary to perform pre-load command operation and 
pre-load test vectors. Once the built-in test command is active, the preloaded test vectors are driven to the 
input pins to ensure that the state of the input pins is under control. 


Clock signals are generated in the same way as non-clock signals, shifted in through the boundary-scan 
path. 


IDCODE 

Identify directives. 

The identification command is used to read the device identification code. 

The identification instruction places the device identification register on the TDI-TDO scan link. 


When the state machine of ТАРС is in the data capture state, the device identification register captures the 
device identification code on the rising edge of TCK. 


When the state machine of TAPC is in the data shift state, on the rising edge of TCK, the device identification 
register is shifted one bit to the right. 


HIGHZ 
High resistance command. 
The high-impedance command sets the device tri-state pin output to a high-impedance state. 


A high-impedance instruction places a bypass register on the TDI-TDO scan link. 


JRST 

Reset command. 

The reset instruction resets the system outside of the JTAG circuitry. 
A user command places a bypass register on the TDI-TDO scan link. 


When the ТАРС 5 state machine is in the test/idle state, a reset operation is performed. 


READ_UID 

Read UID command. 

The read UID instruction is used to read UID, the lower bit is first out. 
The Read UID command places the UID register on the TDI-TDO scan link. 


When the state machine of TAPC is in the data capture state, at the rising edge of TCK, the UID register 
captures the UID stored in the eFuse. 


When the state machine of TAPC is in the data shifting state, the UID register is shifted one bit to the right 
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on the rising edge of TCK. 


RDSR 

Read status register instruction. 

The read status register command is used to read the status register, the low bit is first out. 
The read status register command places the status register on the TDI-TDO scan link. 


When the state machine of TAPC is in the data capture state, at the rising edge of TCK, the state register 
captures the value of the state register that configures the control system. 


When the state machine of TAPC is in the data shift state, the state register is shifted one bit to the right 
on the rising edge of TCK. 


WADR 

Write address command. 

Write address command is used to write the embedded Flash start address. 

The write address command places the address register on the TDI-TDO scan link. 


When the state machine of TAPC is in the data capture state, on the rising edge of TCK, the address register 
captures the start address of the current embedded Flash. 


When the state machine of TAPC is in the data shifting state, the address register is shifted one bit to the 
right on the rising edge of TCK. 


When the state machine of TAPC is in the data update state, at the falling edge of TCK, the data from the 
shift register path is latched to the parallel output of the address register. 


ERASE 

Erase command. 

Erase command erases all common pages of embedded Flash and clears the embedded Flash lock flag. 
The erase command places the bypass register on the TDI-TDO scan chain. 


The erase operation is performed while the state machine of the TAPC is in the test/idle state. 


ERASE PAGE 

page erase command. 

The page erase command erases the normal page of the embedded Flash. 
The page erase instruction places a bypass register on the TDI-TDO scan link. 


The page erase operation is performed while the state machine of the TAPC is in the test/idle state. 


ERASE CTL 

Controls the erase command. 

The control erase command erases the feature control page of the embedded Flash. 
The Control Erase command places a bypass register on the TDI-TDO scan chain. 


The state machine of the TAPC controls the execution of erase operations when it is in the test/idle state. 
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РКОСКАМ 


programming instructions. 
The programming command programs the ordinary page of the embedded Flash. 
The programming instruction places a bypass register on the TDI-TDO scan link. 


When the state machine of TAPC is in the data shifting state, a page of data is serially shifted into the 
bypass register on the rising edge of TCK. 


PROGRAM_CTL 

Control programming instructions. 

Control programming instructions program the feature control bits of the embedded Flash. 
Control programming instructions place feature control registers on the TDI-TDO scan link. 


When the state machine of ТАРС is in the data capture state, at the rising edge of TCK, the feature control 
register captures the feature control bits stored in the embedded Flash. 


When the state machine of TAPC is in the data shift state, on the rising edge of TCK, the feature control 
register is shifted one bit to the right. 


When the state machine of TAPC is in the data update state, at the falling edge of TCK, the data from the 
shift register path is latched to the parallel output of the feature control register. 


READ 
read command. 
The read command is used to read the content of the embedded Flash, the low bit is first out. 


The read command selects the programming register, but does not place the programming register on the 
TDI-TDO scan link. 


When the state machine of TAPC is in the data shifting state, at the rising edge of TCK, the general content 
of the embedded Flash is serially shifted out from TDO through the programming register. 


READ_CTL 


Control read command. 


The control read command is used to read the feature control bits of the embedded Flash, and the lower 
bits are first out. 


Control programming instructions place feature control registers on the TDI-TDO scan link. 


When the state machine of TAPC is in the data capture state, at the rising edge of TCK, the feature control 
register captures the feature control bits stored in the embedded Flash. 


When the state machine of TAPC is in the data shift state, on the rising edge of TCK, the feature control 
register is shifted one bit to the right. 


PROGRAM_LOCK 


Lock instruction. 
The lock command is used to program the lock flag and the last page address of the bit stream into the 


embedded Flash, and prohibit the programming and reading operations of the bit stream. 
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Тһе lock instruction places the lock register оп the TDI-TDO scan link. 


When the state machine of TAPC is in the data capture state, on the rising edge of TCK, the lock register 
captures the lock flag and the last page address of the bit stream. 


When the state machine of TAPC is in the data shift state, the lock register is shifted one bit to the right 
on the rising edge of TCK. 


When the state machine of TAPC is in the test/idle state, it executes the programming lock flag operation, 


and programs the lock flag and the last page address of the bit stream into the embedded Flash. 


READ_LOCK 

Read lock flag instruction. 

The read lock flag instruction is used to read the lock flag and the last page address of the bitstream. 
The Read Lock Flags instruction places the lock register on the TDI-TDO scan link. 


When the state machine of TAPC is in the data capture state, on the rising edge of TCK, the lock register 
captures the lock flag and the last page address of the bit stream. 


When the state machine of TAPC is in the data shift state, the lock register is shifted one bit to the right 
on the rising edge of TCK. 


EFlash_SLEEP 
Embedded Flash sleep command. 
The embedded Flash dormancy command sleeps the embedded Flash. 
The embedded Flash dormancy command places the bypass register on the scan link of TDI-TDO. 
When the TAPC's state machine is in the test/idle state, the hibernate embedded Flash operation 


executes. 


EFlash_WAKEUP 
Embedded Flash wake-up command. 
The embedded Flash wake-up command wakes up the embedded Flash. 
The embedded Flash wake-up command places the bypass register on the scan link of TDI-TDO. 
When the state machine of TAPC is in the test/idle state, it wakes up the embedded Flash operation 


execution. 


CFGI 


Configuration directives. 


Configuration instructions are used to configure the contents of the configuration memory and 
configuration registers. 


The configure instruction places a bypass register on the TDI-TDO scan link. 


When the state machine of TAPC is in the data shift state, the bit stream is serially shifted into the bypass 
register on the rising edge of TCK. 
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CFGO 


Readback command. 


The readback instruction is used to read back the contents of the configuration memory and configuration 
registers, low-order first-out. 


The configuration register is selected by the readback command, and the configuration register is not 
placed on the scan link of TDI-TDO. 


When the state machine of TAPC is in the data shift state, at the rising edge of TCK, the contents of the 
configuration memory and the configuration register pass through the configuration register and are serially 
shifted out from TDO. 


JWAKEUP 

wakeup command. 

The wakeup command is used to wake up the device. 

The wake-up instruction places a bypass register on the TDI-TDO scan link. 


When the state machine of the TAPC is in the test/idle state, the wakeup operation is performed. 
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Appendix 2 


Introduction to the operation process of JTAG interface. For the specific implementation of the C code of 
the following process, please refer to the application guide "AN03008 Compact Series CPLD Device JTAG 
Interface Configuration and Programming Application Guide" and the corresponding sample project. 


In the following process, the number of continuous clock cycles in the Run Test Idle state is obtained from 
the fixed delay time when TCK is 50MHz, and the user can determine the number of clocks according to the 
actual TCK frequency. Users can determine the number of clocks to wait according to the actual TCK frequency. 
If TCK needs 100 cycles when it is SOMHz, then it needs 10 clock cycles when it is SMHz. 


Chain sweep 


Load IDCODE command to IR 


Shift IDCODE to SHIFT-DR state, low bit first out 


Enter Test logic Reset state 


Read status register 


Load 
IDCODE 
Instruction 


Read 
IDCODE 


Go to 
Test-Logic-Rese 


Load RDSR command to IR 


Shift out the value of the status register to the SHIFT-DR state, low bit first out 


Enter Test logic Reset state 


Hibernate Embedded Flash 


Load 
RDSR 
~ Instruction 


| | Read | 
" STATUSR 


С Goto | 
\Test-Logic-Reset/ 


This operation can only be started when the embedded Flash is in an idle state (busy in the status register 


is O). 
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Load EFlash_SLEEP command to IR 

Enter Run test Idle status, lasts at least 12000 clock cycles 

Load RDSR command to IR 

Shift out the content of the status register to the SHIFT-DR state, low bit first out 
Enter Test logic Reset state 


Go to 
Run-Test/Idle 
Minimum 12000 


Instruction 


Read STATUSR 


Test-Logic-Rese 


Wake up embedded Flash 
This operation can only be started when the embedded Flash is in an idle state (busy in the status register 
is O). 
Load EFlash WAKEUP command to IR 
Enter Run test Idle status, lasts at least 20000 clock cycles 
Load RDSR command to IR 
Shift out the content of the status register to the SHIFT-DR state, low bit first out 
Enter Test logic Reset state 
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https: 
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Load 
EFLASH_WAKEUP 
Instruction 


Go to 
Run-Test/Idle 


Go to 
est-Logic-Rese 


Run-Test/Idle 


Go to 
est-Logic-Rese 
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Read UID 


Load READ_UID command to IR 
Move out UID in SHIFT-DR state, low byte first out 
Enter Test logic Reset state 


Goto 
est-Logic-Rese 


Programming Feature Control Bits 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in the 
idle state (the busy bit of the status register is 0). 


Load PROGRAM СТІ instruction into IR 
To the SHIFT-DR state, shift into the feature control bit, the lower bit first 
Enter the Run Test Idle state for a minimum of 450000 clock cycles 


Enter Test Logic Reset state 

Load READ_CTL command into IR 

Enter the Run Test Idle state for a minimum of 50 clock cycles 

To the SHIFT-DR state, shift out the feature control bit, the lower bit is first out 
Enter Test Logic Reset state 
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Reset feature control bit 


Load 
PROGRAM CTL 
Instruction 


Go to 
Run-Test/Idle 


est-Logic-Rese 


Load 
READ CTL 
nstruction 


Goto 
Run-Test/Idle 
Minimum 50 
CK cycle 


Go to 
est-Logic-Rese 


Reset feature control bit 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in the 
idle state (the busy bit of the status register is O). 


https: 


Load ERASE CTL command into IR 


Enter the Run Test Idle state for a minimum of 330000 clock cycles 


Enter the Test Logic Reset state 


Load READ CTL command into IR 


Enter the Run Test Idle state for a minimum of 50 clock cycles 


To the SHIFT-DR state, shift out the feature control bit, the lower bit is first out 


Enter the Test Logic Reset state 
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Reset feature control bit 


оаа 
ЕКАЗЕ СТІ. 
struction 


Go to 
Run-Test/Idle 
inimum 330000, 
CK cycles 


Go to 
est-Logic-Rese| 


оаа 
READ СТІ. 
struction 


Go to 
Run-Test/Idle 
Minimum 50 
CK cycles 


Go to 
est-Logic-Rese 


Read feature control bits 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in the 
idle state (the busy bit of the status register is 0). 


Load READ_CTL command into IR 

Enter the Run Test Idle state for a minimum of 50 clock cycles 

To the SHIFT-DR state, shift out the feature control bit, the lower bit is first out 
Enter the Test Logic Reset state 


Load 
READ СТІ. 
struction 


Go to 
Run-Test/Idle 
Minimum 50 
CK cycle: 


Go to 
est-Logic-Rese 
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Programming bit stream 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in the 
idle state (the busy bit of the status register is 0). 


Load WADR instruction into IR 

Move to the SHIFT-DR state and enter the address of the first page of data in the bit stream in 
the embedded Flash, the lower bit is advanced Run Test Idle 

Load PROGRAM instructions into IR 


Shift in bitstream page 1 data 
Go to SHIFT-DR state, shift in 32 bits, high bit advanced, Run Test Idle 
until the end of page 1 


Enter the Run Test Idle state for a minimum of 470000 clock cycles 

Load READ instruction into IR 

Enter the Run Test Idle state for a minimum of 50 clock cycles 

Shift to the SHIFT-DR state to shift out the data of the first page of the bit stream, high bit first 
out 

Load WADR instruction into IR 

Shift to the SHIFT-DR state, the address of the data in the second page of the bit stream in the 
embedded Flash, low-order first 

Load PROGRAM instructions into IR 

Move to the SHIFT-DR state to move the data on the second page of the bit stream, each time 
32 bits are shifted in, high-order first, Run Test Idle until the end of the second page 


Enter the Run Test Idle state for a minimum of 470000 clock cycles 
Load READ instruction into IR 
Enter the Run Test Idle state for a minimum of 50 clock cycles 


Shift to the SHIFT-DR state to shift out the data of the second page of the bit stream, high bit 
first out 


Load WADR instruction into IR 

Move to the SHIFT-DR state to shift the address of the data on page n of the bit stream in the 
embedded Flash, low order first 

Load PROGRAM instructions into IR 

Move to the SHIFT-DR state to shift the data of the nth page of the bit stream, shifting in 32 bits 
each time, high-order first, Run Test Idle 

until the end of page n 


Enter the Run Test Idle state for a minimum of 470000 clock cycles 

load READ instruction into IR 

Enter the Run Test Idle state for a minimum of 50 clock cycles 

Shift to the SHIFT-DR state to shift out the nth page data of the bit stream, high bit first out 


Enter Test Logic Reset state 


Note: The value of n is equal to the size of the bitstream file to be loaded divided by the size of the 
embedded Flash per page 
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Load 
WADR 
astruction 


oad bitstream 
Page | address 
Load 
PROGRAM 
tructiop 
Load 32 bits 
Bitstream Pagel 
Go to 


Run-Test/Idle 
TCK cycle 


Run-Test/ldle 


Run-Test/Idle 
Minimum 50 
СК cycl 


Read bitstream 
Page 1 


Erase bit stream 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in the 


Load 
WADR 
astruction 


oad bitstream 
Page 2 address 


оаа 


PROGRAM 
tructiop 


Load 32 bits 
Bitstream Page2, 


Go to 
Run-Test/Idle 
TCK cycle 


Run-Test/Idle 


Run-Test/Idle 
Minimum 50 


Read bitstream 
Page 2 


idle state (the busy bit of the status register is O). 


Load WADR instruction into IR 


Reset feature control bit 


Load 32 bits 
Bitstream Page 


Go to 
Run-Test/Idle 
TCK cycle 


Go to 
Run-Test/Idle 


Run-Test/Idle 
Minimum 50 
CK сусі 


Read bitstream 
Page n 
Go to 
est-Logic-Rese} 


to SHIFT-DR state is shifted into bitstream 1 Page data in embedded Flash address in, LSB advanced 


load ERASE_PAGE command to IR 


Enter Run test Idle status, lasts at least 330000 clock cycle 


Enter Test logic Reset state 


load read command to IR 


Enter Run test Idle status, lasts at least 50 clock cycle 


to SHIFT-DR The state is shifted out of the first page data of the bit stream , the high bit is first out 


load WADR command to IR 
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to SHIFT-DR state is shifted into bitstream 2 Page data in embedded Flash address in, LSB advanced 
load ERASE_PAGE command to IR 
Enter Run test Idle status, lasts at least 330000 clock cycles 


Enter Test logic Reset state 


load read command to IR 


Enter Run test Idle status, lasts at least 50 clock cycles 


Shift to the SHIFT-DR state to shift out the data of the second page of the bit stream, high bit first 
out 


load WADR command to IR 


Move to the SHIFT-DR state to shift the address of the data on page n of the bit stream in the 
embedded Flash, low order first 
load ERASE_PAGE command to IR 


Enter Run test Idle status, lasts at least 330000 clock cycles 


Enter Test logic Reset state 


load read command to IR 


Enter Run test Idle status, lasts at least 50 clock cycles 
to SHIFT-DR The status is shifted out of the nth page data of the bit stream, the high bit is first out 
Enter Test logic Reset state 


оаа 
ЕВА$Е_РАСЕ 
pstructiop 


оаа 
ERASE_PAGE 


Go to 
Run-Test/Idle 
Minimum 330000, 


K cycles 


Run-Test/Idle 


Run-Test/Idle 
Minimum 50 
CK cycl 


Read bitstream 
Page | 


Run-Test/Idle 
Minimum 50 


Read bitstream 
Page 2 


Run-Test/Idle 
Minimum 50 


Read bitstream 
Page п 
Go to 
est-Logic-Resc 
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Read bitstream 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in the 
idle state (the busy bit of the status register is 0). 


Load WADR instruction into IR 


Move to the SHIFT-DR state to shift the first address of the bit stream in the embedded 
Flash, the lower bit is advanced 
Load READ instruction into IR 


Enter the Run Test Idle state for a minimum of 50 clock cycles 
Shift bit stream to SHIFT-DR state, MSB first 
Enter the Test Logic Reset state 


Load bitstream 
first address 


Goto 
Run-Test/Idle 
Minimum 50 
CK cycles 


Programming User Flash 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in the 
idle state (the busy bit of the status register is 0). 


Load WADR instruction into IR 

Move to the SHIFT-DR state to enter the address of the first page of user Flash data in the 
embedded Flash, low-order first 

Load PROGRAM instructions into IR 

Move to the SHIFT-DR state and move the data of page 1 of user Flash, each time 32 bits are 
moved in, high bit first, Run Test Idle until the end of page 1 


Enter the Run Test Idle state for a minimum of 470000 clock cycles 

Load READ instruction into IR 

Enter the Run Test Idle state for a minimum of 50 clock cycles 
Shift to the SHIFT-DR state to shift out the data of page 1 of the user Flash, high bit first out 
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Load WADR instruction into IR 

Move to the SHIFT-DR state to enter the address of the second page data in the user Flash in 
the embedded Flash, low-order first 

Load PROGRAM instructions into IR 

Move to the SHIFT-DR state to transfer the data of the second page of the user Flash, each 
time shifting 32 bits, high-order first, Run Test Idle until the end of the second page 


Enter the Run Test Idle state for a minimum of 470000 clock cycles 

Load READ instruction into IR 

Enter the Run Test Idle state for a minimum of 50 clock cycles 

Shift to the SHIFT-DR state to shift out the second page data of the user Flash, high bit first out 


Load WADR instruction into IR 


Move to the SHIFT-DR state and enter the address of the nth page data in the embedded Flash 
of the user Flash, the lower bit is advanced 
Load PROGRAM instructions into IR 


Move to the SHIFT-DR state to move the data of the nth page of the user Flash, each time 32 
bits are moved in, high-order first, Run Test Idle until the end of the nth page 
Enter the Run Test Idle state for a minimum of 470000 clock cycles 


load READ instruction into IR 

Enter the Run Test Idle state for a minimum of 50 clock cycles 

Shift to the SHIFT-DR state to shift out the nth page data of the user Flash, high bit first out 
Enter Test Logic Reset state 


Load data 
Page | address 


2 


Load data 
Page n address 


Load Load 
PROGRAM PROGRAM 
пзігіспор pstructi 


Load 32 bits 
data Page 1 


Load 32 bits 
data Page 2 


Go to 
Run-Test/Idle 
ТСК сус) 


Goto 
Run-Test/Idle 
ТСК сус 


Goto 
Run-Test/Idle 


Goto 


Run-Test/Idle 


Go to 
Run-Test/Idle 


Run-Test/ldle 
Minimum 50 


Run-Test/ldle 
Minimum 50 
СК сус! 


Run-Test/Idle 
Minimum 50 


Read data 


Page 2 
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Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in the 
idle state (the busy bit of the status register is 0). 


load WADR command to IR 


to SHIFT-DR State moved into user Flash No. 1 Page data in embedded Flash address in, 
LSB advanced 
load ERASE_PAGE command to IR 


Enter Run test Idle status, lasts at least 330000 clock cycles 


Enter Test logic Reset state 


load read command to IR 


Enter Run test Idle status, lasts at least 50 clock cycles 
to SHIFT-DR State moved out of user Flash No. 1 Page data, MSB first out 
load WADR command to IR 


to SHIFT-DR State moved into user Flash No. 2 Page data in embedded Flash address in, 
LSB advanced 
load ERASE_PAGE command to IR 


Enter Run test Idle status, lasts at least 330000 clock cycles 


Enter Test logic Reset state 


load read command to IR 


Enter Run test Idle status, lasts at least 50 clock cycles 
to SHIFT-DR State moved out of user Flash No. 2 Page data, MSB first out 


load WADR command to IR 


to SHIFT-DR State moved into user Flash nth _ Page data in embedded Flash address in, 
LSB advanced 
load ERASE_PAGE command to IR 


Enter Run test Idle status, lasts at least 330000 clock cycles 


Enter Test logic Reset state 


load read command to IR 


Enter Run test Idle status, lasts at least 50 clock cycles 
to SHIFT-DR State moved out of user Flash nth Page data, MSB first out 
Enter Test logic Reset state 
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Goto 

Run-Test/Idle 
Ainimum 330000, 
ІСК сусі 


Goto Goto 
Run-Test/Idle Run-Test/Idle 
Ainimum 330000, 
[CK сусі 


Goto 
Run-Test/Idle Run-Test/ldle 
Minimum 50 Minimum 50 
СК сус} [CK cycles 


Run-Test/ldle 
Minimum 50 
TCK сус! 


Erase Bitstream and User Flash 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in the 
idle state (the busy bit of the status register is 0). 


Load WADR instruction into IR 


Shift into the SHIFT-DR state the bit stream and the first address of the user Flash data in the 
embedded Flash, low-order first 
Load ERASE instruction into IR 


Enter the Run Test Idle state for a minimum of 330000 clock cycles 


Enter the Test Logic Reset state 

Load READ instruction into IR 

Enter the Run Test Idle state for a minimum of 50 clock cycles 

Shift out bit stream and user Flash data in SHIFT-DR state, MSB first out 
Enter the Test Logic Reset state 
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Read User Flash 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in the 
idle state (the busy bit of the status register is 0). 


https: 


Load 
WADR 
struction 


Load first address 


Load 
ERASE 
nstruction 


Go to 
Run-Test/Idle 


Run-Test/Idle 
Minimum 50 
CK cycle 


Go to 
est-Logic-Rese; 


Reset feature control bit 


Load WADR instruction into IR 


state, the lower bit is advanced 


Move to the first address of the user Flash data in the embedded Flash in the SHIFT-DR 


Load READ instruction into IR 


Enter the Run Test Idle state for a minimum of 50 clock cycles 


Shift out user Flash data in SHIFT-DR state, high bit first out 


Enter the Test Logic Reset state 
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Lock Embedded Flash 


Load 
WADR 
Instruction 


Load data 
first address 


Load 
READ 
Instruction 


Go to 
Run-Test/Idle 
Minimum 50 
CK сусі 


Ж 
Goto 
Test-Logic-Rese 


Reset feature control bit 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in the 
idle state (the busy bit of the status register is 0). 


Load PROGRAM LOCK instruction into IR 


Shift into the SHIFT-DR state the last page address of the bit stream and the embedded Flash lock 
flag bit, the lower bit is advanced 


Enter the Run Test Idle state for a minimum of 450000 clock cycles 


Enter the Test Logic Reset state 


Load READ LOCK instruction into IR 


Shift out bit stream tail page address and embedded Flash lock flag bit in SHIFT-DR state, LSB first 


out 


Enter the Test Logic Reset state 


https: 
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Load 
PROGRAM LOCK 
Instruction 


Shift In 
address & flag 


Go to 
Run-Test/Idle 
inimum 450000, 
CK cycle 


Go to 
est-Logic-Rese 


Load 
READ LOCK 
struction 


Shift Out 
address & flag 


Goto 
est-Logic-Rese 
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Appendix 3 


Тһе SPI/Slave РС interface operation flow is described. For the specific implementation of the C code of the 
following process, please refer to the application guide "AN03009 Application Guide for Configuration and 
Programming of Compact Series CPLD Devices from SPI Interface" and "AN03010 Application Guide for 
Configuration and Programming of Compact Series CPLD Devices from РС Interface", and corresponding 
examples project. 


Read UID 


write WREN instruction 


write RDUID instruction 


write WRDIS instruction 


Operational x 


/ Send WREN ~ 
\ (05 / 


ES 


T 


/Send READ UID", 
S. (xA) 77 


/ Send WRDIS ^ | 
N (051) / 


Hibernate Embedded Flash 


This operation can only be started when the embedded Flash is in the idle state (the busy bit of the status 
register is 0). 


write WREN instruction 

write EFlash_SLEEP instruction 

write RDSR command, read register STATUSR cyclically until a busy is detected for low 
write RDSR instruction 


write WRDIS instruction 
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/ Send WREN ~ 


“S (0x51) P; 


| я 


/ Send EFLASH_SLEEP S 
Ма (0х70) A 


A ~ 
> `ç 
А oN 
[—— — — «Check busy? > 
no хх Е 
<. > 


уев 


„Жы — - 
- Es 


ОЙ NA \ / SendRDSR ~ 
| Delay us ) Г ^ / 
а D S 0a) „/ 


< 


/ Send WRDIS ~ 
un 


Wake up embedded Flash 


register is O). 


https: 


Table 36 Wake up embedded Flash 


Appendix 3 


This operation can only be started when the embedded Flash is in the idle state (the busy bit of the status 


write WREN instruction 


Write EFlash WAKEUP instruction 


write RDSR command, read register STATUSR cyclically until a busy is detected for low 


write RDSR instruction 


write WRDIS instruction 
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К EE 
Operational > 


расле и 


/ Send WREN ~ 
N (051) 2 


ж udi Send > EN 
( EFLASH WAKEUP ) 
~ (окт) 4 


1 


<Check busy? > 

no E Ps 

jj yes 
2 бы "d Send RDSR > 
ашса о 


X. 


А 


ы. 


eS =“ 
М ЕС. 3 


——<_ busy? > 


no 


у 


и ^ Send RDSR > 


N (0хАЗ) 7 


В d 


у 


/ Send WRDIS ~ 


\ (0x52) / 


Programming Feature Control Bits 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in the 
idle state (the busy bit of the status register is 0). 


Write WREN instruction 

Write PROGRAM СП. instruction 

Write RDSR instruction, read STATUSR register circularly, until busy is detected as low 
Write READ_CTL instruction 

Write WRDIS command 
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ГО Onemtional _ 
C Operational 


` 


/ Send WREN ^ 
N (бо) / 


2 Smd — 
(PROGRAM CTL) 
~ (0x22) — 


ud У 
РА > 
е. 9 hn 
“Check busy? > 
no E 


ы. p 
MA 


| yes 


a | `N ET | Send RDSR ~ 
bk ay 9ms J ы” (ОхАЗ) № 


< buy? => 


‚/ Send READ CTL ^, 
Аз) 7 


M 


/ Send WRDIS ^. 


И (0х52) Б А 


Reset feature control bit 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in the 
idle state (the busy bit of the status register is 0). 


Write WREN instruction 

Write ERASE_CTL instruction 

Write RDSR instruction, read STATUSR register circularly, until busy is detected as low 
Write READ_CTL instruction 

Write WRDIS command 
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oa и 


perational 


(4 | “Send WREN ^. 
S o5) 


T 


— Send =~ 
( ERASE CTL ) 
NC pP ж 
— (0x12) — 


Е 
Ва EM 


| ~ 
> 25 
ж `< 
<Check busy? > 
` Ж 
по ` үй 
M u 


ж 


~“ 
Ще 


a : ЖАК / Send RDSR ^, 
| Delay 6.6ms ) S (0хАЗ) e 


| I 


E 22 
р n 


о а 
И busy? In. 


P 


„| 


Z Send READ CTL > 

\ (0x31) A 
/ Send WRDIS ` | 
N 0x5) / 


> 


Read feature control bits 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in the 
idle state (the busy bit of the status register is 0). 


Write WREN instruction 
Write READ_CTL instruction 
Write WRDIS command 


Operational ~ 


/ Send WREN ~ 
N (059 / 


Y 


/ Send READ CTL ` 
N (Q0) 7 


M 


/ Send WRDIS S | 
N (x3) 7 
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Programming bit stream 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in the 
idle state (the busy bit of the status register is 0). 


Write WREN instruction 
Write PROGRAM command, program bit stream page 1 data 


Write RDSR instruction, read STATUSR register circularly, until busy is detected as low 


Write the READ instruction to read the data of page 1 of the bit stream 


Write PROGRAM command, program bit stream page 2 data 


Write RDSR instruction, read STATUSR register circularly, until busy is detected as low 


Write the READ command to read the data of the second page of the bit stream 


Write PROGRAM command, program bit stream page n data 


Write RDSR instruction, read STATUSR register circularly, until busy is detected as low 


Write the READ command to read the nth page data of the bit stream 
Write WRDIS command 


Operational )< 


x Send WREN ^N 
N 0х5) 7 
/Send PROGRAM, /Send PROGRAM, /Send PROGRAM, 
K я \ ) N J 
қ-а OO) 2 ~ __ 090 7 Sau (ФУ и 
4 “Load bitstream ` / Load bitstream 5 7 Toad bitstream V 
`S Page 1 "= \ Page2 p Х Pagen Z 
oN JOO = ч. 
р Рм “ 2d РА k. Рај — 
«Check busy? > Check busy T> m~~ «Check busy? > 
no ~ “ по E де по EM Ма 
“е hc d “ж 
yes yes yes 
Ж. А ~ SendRDSR ~ Ж I NS вевавозв ~ Z бла, _ / Send RDSR ~ 
{резу ше) \ (0x43) p J \ Delay “Ams | а (0xA3) |". \ Delay Ams ) са (0xA3) Рр V) 
ys —7 б E ys å ес b... ys 7 см: Rc 
= > Le о = > 
s T. p» S, busy! ee RUN. 
x] i | wo | 
/ Send READ N // SendREAD ^w se /“ Send READ ^w 
\ (030) \ зо 7 \ (ово) 7 
/ Send WRDIS N 


\ X52 и 


Erase bit stream 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in the 
idle state (the busy bit of the status register is O). 


Write WREN instruction 
Write the ERASE PAGE command to erase the data on page 1 of the bit stream 
Write RDSR instruction, read STATUSR register circularly, until busy is detected as low 
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write read instruction, read bitstream 1st page data 
write ERASE_PAGE instruction to erase the data on page 2 of the bitstream 
write RDSR command, read STATUSR cyclically register until a busy is detected for low 
write read instruction, read bitstream 2 page data 
write ERASE_PAGE command, erase the data on the nth page of the bit stream 
write RDSR command, read STATUSR cyclically register until a busy is detected for low 
write read instruction, read bitstream nth page data 
write WRDIS instruction 
Operational 
/ Send WRENN 
NU (0x51) P 
— Sed — — м — Sed — 
( ERASE PAGE ) ( ERASE PAGE ) ( ERASE PAGE ) 
— (0х1) — — (Oxll) — хп) < 
/ rase bitstream», / Erase bitstream >, / rase bitstream v 
NC Pagel — Ж N. Page2 pA ч Рареп >; 
Pa SS du ` ралы 
Ж ` Б ` ж 9 
<Check busy ?> p Check busy?» < Check busy ?> 
по у, Ға по "mr. no зы S 
[> [ | yes 
ГИ N Senda RDSR ~ р СИМ ~ / Send RDSR ~ “5 ^ ON / “Send RDSR ^, 
ша а, ) NV К (ОхАЗ) a ше 195 ) V К (0xA3) А e Psy d е (0хАЗ) B J 
p A oN 
— _ busy? > z — busy? ij > > = busy? 7% 
е E cai ka cu d 
/ Send READ ^w Z SedREAD N us / Send READ ~ 
\ (030 Z "ы. (0х30) "x N (030 
"d “Send WRDIS ~ 


Read bitstream 


N 


(0x52) / 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in the 


idle state (the busy bit of the status register is O). 


Write WREN instruction 


Write READ instruction, read bit stream 


Write WRDIS command 
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( Operational p= 


У 


у ^ Send WREN ^ 
N CSD — 


Y 


—— — 


/ Send READ > 
< (030 7 


d 


/ Send WRDIS ~ 
Mo (0x52) / 


Programming User Flash 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in the 
idle state (the busy bit of the status register is 0). 


Write WREN instruction 
Write PROGRAM command, program user Flash page 1 data 


Write RDSR instruction, read STATUSR register circularly, until busy is detected as low 
Write the READ command to read the first page data of user Flash 


Write PROGRAM command, program user Flash page 2 data 


Write RDSR instruction, read STATUSR register circularly, until busy is detected as low 
Write the READ command to read the second page data of the user Flash 


Write PROGRAM command, program user Flash page n data 


Write RDSR instruction, read STATUSR register circularly, until busy is detected as low 
Write the READ command to read the nth page data of the user Flash 
Write WRDIS command 
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Operational 
/ Send WREN N 
N (05) У 
/ Send PROGRAMS, /Send PROGRAM /Send PROGRAM, 
м (0x20 „/ SNS (X) — 7 \ (X20 / 
// Load data N x Load data м / Load data ~ 
` Pagel — / ` Page 2 Ед Nes Pagen — / 
[ 1 | 
ғы ағы Жы 
< ES ми ` P 
< Check busy? > < Check busy? > [—— — — Check busy? > 
E те иго. e wo N? 
` ` @ рей 
| yes | уе yes 
—RP I A Queen See p NU ET — —. m ENNIO 
48 acd . SendRDSR ^w s EM OM _/ SendRDSR ~ e i кН // SendRDSR ^w 
unido dM ае | Se Z WU АУЫН е 
yes ZZ SS 
busy? > 
no m 
// Send READ ^w //SendREAD N се 


МО (0x30) Pu 


No (оо / 


// Send WRDIS 
NE / 


Erase User Flash 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in the 
idle state (the busy bit of the status register is O). 


Write WREN instruction 

Write the ERASE PAGE command to erase the data on page 1 of user Flash 

Write RDSR instruction, read STATUSR register circularly, until busy is detected as low 
Write the READ command to read the first page data of user Flash 

Write the ERASE PAGE command to erase the data on page 2 of user Flash 

Write RDSR instruction, read STATUSR register circularly, until busy is detected as low 
Write the READ command to read the second page data of the user Flash 


Write the ERASE PAGE command to erase the nth page data of user Flash 
Write RDSR instruction, read STATUSR register circularly, until busy is detected as low 
Write the READ command to read the nth page data of the user Flash 


Write WRDIS command 
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Operational )< 
/ Send WREN N 
Ka (0x51) _ 
— gend — — Sed — — T — 
~ ` 
C ERASE PAGE ) ( ERASE PAGE ) ( ERASE PAGE ) 
— (xl) =“ — (xl) — xt) — 
Ж ~ Erase data BN / ^ Erase data CR / ^ Frase data “ 
`. Pagel p N Page2 m N. Pagan / 
» EN L bn P € 
>< Check busy? > < Check busy? > К Check busy? > 
no ` 25 w < и " ~ P 
ES 2 ~ p E p 
қы. de ` S< 
yes yes yes 
— Ely _ a а — p — ==... МЕРЕ са ps — 
(в ree N и Send RDSR N fp fevers N ЕЕЕ 4 Send RDSR N Ж ње CN — d SendRDSR ^, 
| Delay 6. € \ (ка) 7 g elay 6. me N (0хА3) a М clay 6:68") N (0хАЗ) 7 
м 1 2а uM C -— MNA Re nn ~ 
„~ 22%, s. 
yes Ш — х yes gem TEMA ys 7 sex 
——— busy? > — busy? > < busy? 2 
ыы ы эз е” бы ше 
È | "| ® 
/ Send READ N // SendREAD ^w = // Send READ ^w 
а а Ц шг < ы, Б 
/ Send WRDIS N 


No (052) 7 


Erase Bitstream and User Flash 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in the 
idle state (the busy bit of the status register is O). 


Write WREN instruction 


Write ERASE instruction 


Write RDSR instruction, read STATUSR register circularly, until busy is detected as low 


Write READ instruction to read bit stream and user Flash data 


Write WRDIS command 


https://innek.ru CPLD Configuration User Guide 


104/ 195 


PYA 


Appendix 3 


( Operational )--- 


Ж ^ Send WREN ^. 
N (50 / 


у 


/ Send ERASE ` 
\ (0х0 — 7 


bos 


oN 
p. 
2 NS 


е “Say 
Ж Хх 
ps xs 
«Check busy? > 
no ра XE 


"d 
bw 


| yes 

^ — P UR NEM 
de N // SendRDSR ^ 
\ Delay 6.6ms j Г" 0xA3 / 
ел Мыл s 


p 


ee EM 
< №5? Дт 


са 


/ Send READ > 


ХО (X / 


| 


/ Send WRDIS ~ 
\ (0x52) Z 


е 


Read User Flash 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in the 
idle state (the busy bit of the status register is 0). 


Write WREN instruction 
Write READ command to read user Flash data 
Write WRDIS command 
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Operational | 


POEM 
/ SendWREN ^ 


\ (0x51) / 
/ Send READ ^. 
V (03002 
/ Send WRDIS ^, 
ка (0x52) / 


Lock Embedded Flash 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in the 
idle state (the busy bit of the status register is 0). 


Write WREN instruction 

Write PROGRAM_LOCK instruction 

Write RDSR instruction, read STATUSR register circularly, until busy is detected as low 
Write RDSR instruction 

Write WRDIS command 
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GEI 
* Operational —À 


/ Send WREN N 
N 00 — 


Y 


^ Sed _ 
| oe 


EN" 


| yes 
КЕСТІ 
Же t. mE АЗ) _ Р. 


Y 
m. 


Lue 


кш га. 


по 


yes 


/ Send RDSR ^. 
LN (0xA3) a 


/ Send WRDIS N 
c (0x52) E. 
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Instructions from the SPI interface. When writing a command, write the high bit of the command first; 
when writing an address, write the high bit of the address first. All the following instructions need to pull FCSI_N 
high before starting and after the instruction is completed, and give at least 8 clocks. 


NOP 
No operation instruction. 
8 cycles 
CFG_CLK 
FCSI_N 
MOSI_SI | ЕЕ 
MISO_SO 


RDID 


Read IDCODE instruction. 
Used to read back the IDCODE of the CPLD device, LSB first out. 


8 cycles 24 cycles 32 cycles 
CFG_CLK 
FCSI_N | 
MOSI_SI Г A | | 
MISO_SO ро | D1 | D2 |... 1031 
RDSR 


Read status register instruction. 


Used to read back the status register, LSB first out. 
8 cycles 24 cycles 32 cycles 


св ск | | [|]. |] | "Em | 


FCSI_N 
MOSI_SI A3 


MISO_SO ро | D1 | D2 |... |031 
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The status register can be read back continuously. 


8 cycles 24 cycles 32 cycles 32 cycles 32 cycles 
свак | П... | П... | І-ІПП-ІГІП-ІГІ-ІГІГІ- 
FCSIN | 
MOSI SI —— A3 
MISO SO statusO status1 | status2 
RDUSER 


Read USERCODE instruction. 
Used to read back the USERCODE of the CPLD device, LSB first out. 


8 cycles 24 cycles 32 cycles 
CFG_CLK | Г|- ГИ LELELEFLIET- LI]: 
FCSI_N | | 
MOSI_SI | A2 
MISO_SO | ро | D1 | 02 |... |D31| 


CFG 


Configuration directives. 


Used to load bit stream, configure CPLD device. 


8 cycles 24 cycles Data Byte 0 Data Byte 1 Data Byte n 
CFG_CLK ЕС ET | - LELET- LI ss: 71 - || | 
FCSLN | | am 
MOSI SI | 50 | | 07] -- [po [07 1. [90] __| 27] -. [50] 
MISO_SO 
RDUID 


Read UID instruction. 


It is used to read back the UID of the CPLD device, LSB first out. 
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8 cycles 24 cycles 64 cycles 
CFG_CLK | „|| 
FCSI_N | 
MOSI_SI | A4 
MISO_SO | | ро | D1 02 .. 1063 


Тһе UID of the CPLD device сап be continuously read back. 


8 cycles 24 cycles 64 cycles 64 cycles 64 cycles 
CFG_CLK | - T] T]. | |... | ЕР | - | “ШП - 
FCSI_N | | 
MOSI_SI —— A4 | | 
| LSB MSB 15В MSB 15В MSB 
MISO_SO | шро. [moy шо | ~ | 
RDLOCK 


Read embedded Flash lock information command. 


Used to read back the last page address of the bit stream and the embedded Flash lock flag, LSB first out. 
Move out the page address lock ra[0:8] of the last page of the bit stream, the heap address lock ba[0:1], the 
lock flag lock and 4'd0 in sequence. 


For 1K devices, lock ba[1:0] is a fixed value of 2’b11. 


For 2K devices, lock ba[1:0] is the reserved heap address. 


8 cycles | 24 cycles 16 cycles 
CFG_CLK ШЕ ме | | 
FCSI_N 
MOSI SI —— A5 
MISO SO T | flock radi, „октай Hock гайоск, Бафоск bal lock | rto | --- ЕТ | 


The lock information of the embedded Flash can be continuously read back. 


8 cycles 24 cycles 16 cycles 16 cycles 16 cycles 
ЕСМ | | 
MOSI SI - A5 : 
MISO_SO = data0 ` 1 __datal_ | data2 — 
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WREN 


Write enable command. 


Used before configuration directives and various programming directives. 


8 cycles 
CFG_CLK 
FCSI_N 
MOSI_SI | 51 
МІ5О 50 


WRDIS 
Write inhibit instruction. 


8 cycles 
CFG_CLK 
FCSI_N 
MOSI_SI | 52 


МІ50 50 


RESET 


Reset command. 


Used to reset parts of the configuration control system other than JTAG. 


8 cycles 
CFG_CLK 
FCSI_N 
MOSI_SI 60 
MISO_SO 


ERASE 


Erase command. 
Used to erase embedded Flash all regular pages and clear embedded Flash Lock flag. 


8 cycles 
CFG_CLK 
FCSI_N | | 
MOSI_SI 10 
MISO_SO 
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ERASE_PAGE 
Page erase instruction. 


Normal page erase for embedded Flash. 


8 cycles 24 cycles 
CFG_CLK ais | 
Ес мо 
Mosi SI — 11 Address | 
MISO SO 
Sau u= КАМЕ Sere a) 
[23:19] reserved Need to be set to 5'b00000 
[18:17] Ba[1:0] Heap address 
[16:8] Ra[8:0] Page address 
[7:0] reserved Needs to be set to 8'b00000000 


for 1K devices, Ba[1:0] are reserved bits. 


for 2K device, Ba[1:0] is the reserved heap address and needs to be set to 2'b11. 


ERASE_CTL 
Controls the erase command. 


Feature control page for erasing embedded Flash. 


8 cycles 
св ск | | | |]. | [| | |]... 
FCSI N | | 
MOSI SI 12 
мо SO 


PROGRAM 


Programming instructions. 


Used to program embedded Flash general pages. 


8 cycles 24 cycles byteO byte1 byte255 
свеску А-А ПА тл 
ЛЕГЕН Ы 

MSB 158 LLL. | 
MOSI SI —— 20 | Address | 07 |- | ро | 07 |-- DO | ~ | D7 || p | —— 
MISO SO 
[23:19] reserve Need to be set to 51900000 
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[18:17] Ba[1:0] Heap address 
[16:8] Ra[8:0] Page address 
[7:0] reserve Needs to be set to 8'b00000000 
for 1K devices, Ba[1:0] are reserved bits. 
for 2K device, Ba[1:0] is the reserved heap address and needs to be set to 2'b11. 
PROGRAM СТІ. 
Control programming instructions. 
Feature control page for programming the embedded Flash. 
For 2K devices, data is shifted into ctl[0:23] followed by 8'd0. 
For 1K/4K/7K devices, data is sequentially shifted into ctl[0:31]. 
24-bit addresses are reserved. 
8 cycles 24 cycles 32 cycles 
CFG_CLK |... | = [| Ly... | ШЕШЕ 
FCSI_N 
MOSI_SI —— 22 Address — |ctlO [ctl1 | си2 |... |cti23| 160] .. |1'b0|— — — 
MISO SO 
READ 
Read command. 
Used to read embedded Flash normal page. 
8 cycles 24 cycles 8 cycles Data 0 Data 1 Data 255 
cecek | | | | ... ма | ви | [| ~ | | - ||. ||| || 
FCSI_N 
MOSI_SI - 30 Address Dummy | 
MSB LSB MSB 158 MSB 158 
MISO 50-5: | D7 | .. | DO | 07 | ... | DO | -. | 07 | .. | DO — — 
ADDRESS NAME DESCRIPTION 
[23:19] reserve Need to be set to 5'b00000 
[18:17] Ba[1:0] Heap address 
[16:8] Ra[8:0] Page address 
[7:6] reserve Need to be set to 2'b00 
[5:0] Са[5:0] 32 Bit data page offset address 


for 1K devices, Ba[1:0] are reserved bits. 
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for 2K device, Ba[1:0] is the reserved heap address and needs to be set to 2'b11. 
READ_CTL 

Control read command. 
The feature used to read embedded Flash controls the content of the page. 
For 2K devices, data is shifted out of ctl[0:23] followed Бу 8'd0. 
For 1К/4К/7К devices, data is shifted out of ctl[0:31] sequentially. 
24-bit addresses are reserved. 
1K/4K/7K 
8 cycles 24 cycles 8 cycles 32 cycles 
св ск | | | |]... | | | LI Lyd || ІІІ E 
FCSI N 
MOSI SI. —— 31 Address Dummy 
LSB _ _MSB 
MISO_SO спо | ctl1 | cti2 | ... |ctl31 
2К 
8 cycles 24 cycles 8 cycles 32 cycles 
CFG_CLK | - 1]... LI |... | | „ПГ -L | -- 
FCSI_N 
MOSI SI. —— 31 Address Dummy 
LSB ` І | MSB 
MISO_SO спо | сна | си2 |... |cti23| 1'bO| -- | 1'bO 


PROGRAM, LOCK 
Lock instruction. 
Used to inhibit programming and reading operations on the bit stream. 


The data is sequentially shifted into the page address lock ra[0:8] of the last page of the bitstream, the 
heap address lock ba[0:1], the lock flag lock and 4'dO. 


For 1K devices, lock ba[1:0] are reserved bits. 
For 2K devices, lock ba[1:0] is the reserved heap address and needs to be set їо 2511. 


24-bit addresses are reserved. 
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8 cycles 24 cycles 16 cycles 
CFG_CLK mp mE |. ПІ 
FCSI N | mm 
моя SI. — — 40 Address | lock rad ... lock ғабоск badock ва lock |190). |1'bO |—— — 
MISO. SO 


EFlash SLEEP 
Embedded Flash sleep command. 


Used to hibernate embedded Flash. 


8 cycles 
CFG CLK | | | 
FCSI_N | 
MOSI_SI 70 | 
MISO SO —— pL—— 
EFlash WAKEUP 
Embedded Flash wake-up command. 
Used to wake up the embedded Flash. 
8 cycles 
CFG CLK | П = | 
FCSI_N | | 
MOSI_SI | 71 | 
MISO_SO 
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РС Interface instruction timing introduction. 


NOP 


No operation instruction. 


7 bit addressing 


| s Slave Address w | A | Command | A P 
к ЈЕ 5 Try LI | 
5рА | | | A6 | AS = | Al [ AO | 91911 1 1 ШЕ! 1 ic) a. | a | wo 
| M | M м | 5 | M | s M 
10 bit addressing 
| s Slave Address 1“ 7 bits | w | A | Slave Address 2™ byte | A | Command | ^ | P | 
spa ` i тт ea ee ara = АТ жеттт т а | i 
| M M | M | s | M | 5 | M | $ | M | 
RDID 
Read IDCODE instruction. 
It is used to read back the IDCODE of the CPLD device, LSB first out. 
7 bit addressing 
| s | Slave Address w A | Command A Dummy | | Dummy A Dummy A 
s | | | LA | 


l А6 | AS] ГА | Аб | 0 1 о тт о [о] о v [1 0 0 = је 


Е 


Sr Slave Address R A | IDCODE[0:7] A IDCODE[8:15] A IDCODE[16:23] | A IDCODE[24:31] NA | P | 
i i i i i l | | 
~ t | I s ы L E W y | 
SDA a6 ТАЗ | = |] Al | AO | 1 о [m [D [ ров [| D7 | 0 | D = Tp | o |De] Тоз 9 [pa TT sr т] 
| | T 1 1 1 | 
M M M 5 | s M s M s | м s м | м 


Se ‘Slave Address 1" 7 bits w A Slave Address 2™ byte A s Slave Address 1" 7 bits R A 100008027] 
за Lr Ш W J - 
- 
soa ГЕШ ИГЕН БЕГЕН Tu То T | ла ] c | о | дж T = Га | ко [о пип игин шгп T r шш Ta] + | о ве Tor - 
м м м | $ м s м м м | $ s 
A | оңын |а | шаншар |А | социзц | ча А 
І ШГ 
26 | 07 0 ов | [015 | о | 016 оз | о | 024 ] o3 | 1 
" s " s “ul 5 " " 
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RD USER 
Read the USERCODE directive. 
Used to read back the USERCODE of the CPLD device, LSB first out. 


7 bit addressing 


Command 


LL LL es ЫШЫ 


Se Slave Address 1“ 7 bits w A ‘Slave Address 2™ byte A s Slave Address 1" 7 bits R A 'USERCODE[O-7] 
за LI [ | г Г - LI ur | | Г LI І LIT.- 
soa l ҒҰН БЕГЕН БЕГЕН БЕГЕН ШЕГЕН ШЖШ ЕР” | оо ПС ШШ Б ЖШ БІРІН БҮ ТҰН БТ ЖЕ ШЕГІ БЕГЕН БЕГЕН БЕГЕН БЕГЕН БЕГЕН І-ШІ 7 ҮШ ШИГ ПШ ШТ ЯН Г Т ШП - 

м м м s м 5 м | м м 5 5 
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RDSR 


Read status register instruction. 


Used to read back the status register, LSB first out. 


7 bit addressing 


s Slave Address w 
sa WUL- U 
SDA АБ | AS = | Ai [ Ao 0 1 Го гі Го [о] 


м 


Status[0:7] 


Status[8:15] A Status[16:23] 


sa WLL- | ГЇ +. ni ri 221 Ll 
SDA RR Ro ‚М, =й po [o | — | 06 | 07 0 Е гта — А. 


| 
PERI 
M M M E s м 5 м 5 м 5 м | м 


А Status[24:31] 


| s Slave Address w A Command n Dummy A Dummy |r Dummy | | 
за LL L: r Li сгъгъгъ гъ г гї г LI. J (ШЕМЕН ШШ 
soa | r= ый. ү Жыз i =I Е ГГ» + Ч E 1 


АБ 1 То Тото Таз | 


0 
| м м м s м | s м 5 м | 


sr Slave Address R A Status[0:7] A Status[8:15] A Status[16:23] A Status[24:31] A 
sa Шә кн Ы LIL --гъгугугъ --гугугъ ru L- 
SDA l A6 AS а A1 | AO 1 0 po | o1] .| oe | o7 0 08 .. [015 0 016 .. | 023 0 024 -- | 031 0 
| м м м 5 5 м s м 5 м 5 м 
Status[0:7] A Status[8:15] A Status[16:23] A 


Status[24:31] | A 
1 


ППТ. -SLI UUL- SL iL - 1 | 


| 
00 [о | — | D6 | 07 0 ов | . | 015 0 016 | _ | 023 о [| 024 | Г 031 [] 
s м s м 5 м | s м 
ЭЭЭЭ —À 
Status[0:7] A Status[8:15] ^ Status[16:23] ^ Status24:31] NA P | 
TLS 1 lI Url -rururrt.-.rul - [ | 
___ 
00 | Di ~ T ps [ 07 0 ов | [015 | o | pie | — [оз | o |o] — [оз: | 1 
| s м 5 м 5 м 5 м м | 


10 bit addressing 
s Slave Address 1" 7 bits “(|А Save Address 24 byte A A Dummy A 
m rl r1 irl ror mmm! 
SDA iai i [3 То [^ JT ^ o 0 ar [љ | Та [ло] о аса 
Гы ы "E м s 
s Slave Address 17 7 bits м | ^ Save Address 27 byte A “ Slave Address 17 7 bits “|а защо А Status[8-15] 
al Г\1ГЇ\Г [ [ [ - 11 ТГЪГЪ ГТ ГТ Г Г ш -SLS = 
SDA Е БЕСТЕН О ОЕ СО БИ О С Я СИ ОР И БЕ | о l ИЕП ШЕ ЕШ ШЕ ИШ ШЕ ЕП БЕГ ИЕ Б> БЕЗЕ Ls To 
| м м м | 5 м 5 м м м | 5 5 м 
Status{8:25) Status[16:23] Status[24:31] 
= m= 57 ж T — р. ш = a ns = 


The status register can be read back continuously. 
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RDUID 


Read UID command. 


Used to read back the UID of the CPLD device, LSB first out. 


7 bit addressing 


шо|56:6з) МА ? | 
sa | 
M м | 


s Slave Address w A Command A Dummy A Dummy A Dummy A 
ln r я гъгъгъгъгъгъ гї n. гугъ ~ гугугъ - [— 
0 РА Pa 


sa 
SDA l м | aS | — | Al | AO | о |о 1 [9 T 3 o То i То | o 


° 
е 
el 
е 
е 
° 
° 
о 
° 


UID[8:15] UID[56:63] 


UID[8:15] 


UID[0:7] A UID[8:15] A A UID[56:63] NA P 
оо Го | Гов [07 | o ps | . [05] o o | 056] . | 063] 1 І 
5 м 5 м м 5 м м 
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10 bit addressing 


s 


Slave Address 1" 7 bits 


Command 


Appendix 5 


за. 1 


Г 


SoA | ЗЕ БЕ ЕН ИЕ БЕГЕН as С 


м |А Slave Address 2™ byte 
ГЕН T Поа ОИ а ке 
м | 5 м 


L3 13 131315 
м 


Slave Address 1" 7 bits 


Slave Address 27 byte 


s UT 


Í 


l 
r——— 


== Tr 


7-1-1 
“ 
1 


ШГ 


1 


soa iT 


M 


Slave Address 17 7 bits 


5 
5 


i 


A 
ка 
5 

А 

а! 
s| 


A шојв:15] А 
о Tos T Tos Tos 
м м 


Тһе UID of the CPLD device сап be continuously read back. 


Command 


РЕГЕ РО ЛИ g! 
1 І = 


А Эмеметы bua | a 
[ Шен! rirur 

г 11-515] ГмТю [о iI 
s м s 


RDLOCK 


Read embedded Flash lock information command. 


Used to read back the last page address of the bit stream and the embedded Flash lock flag, LSB first out. 
Move out the page address lock_ra[0:8] of the last page of the bit stream, the heap address lock_ba[0:1], the 
lock flag lock and 4'd0 in sequence. 


For 1K devices, lock_ba[1:0] is a fixed value of 2'b11. 


For 2K devices, lock_ba[1:0] is the reserved heap address. 


7 bit addressing 


The lock information of the embedded Flash can be continuously read back. 
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lock[0:7] A lock[8:15] NA P 
J І -JU J «ГГЦ | 
po |o | [| о] 07 0 58 | [05 [1 І 
5 м 5 м м | 


10 bit addressing 


Slave Address 2” byte 


Lr f LJ 


Command 


‘Slave Address 1* 7 bits 


ГГ ГА 


CFG 


Configuration directives. 


It is used to load the bit stream and configure the CPLD device. Write the high-order bit of each byte first. 
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7 bit addressing 


5 Slave Address | w A | Command A Dummy A Dummy A Dummy 
SCL l T l - 
SDA Аб | AS |. А1 АО | 0 0 | 0 Ж 0 110 0 0 0 0 о | Го 0 0 0 8 Io | 
M M p s | M s M s M © | M 
| А Data Byte 0 | А Data Byte 1 A | | Data Byte п-1 | А Data Byte n | А P 
— | L | Е 2 Ц lI | 
Го [о 07 | 06] - Di | D | о | 071 .. | Do o | | 27] — [00 | o 07 ~ [ po 0 | 
| s M s | м s | | м | s M s | м 
10 bit addressing 
s Slave Address 1" 7 bits w A Slave Address 27 byte A Command A Dummy A Dummy A Dummy 
за. [ Ц Е | ЦГ = 
SDA K БЕ: ЧЕН Е ЗИ БГ ЕН Е 7 A9 | АВ 0 0 А? | № м | AO 9 0 i rs II о То То 0 0 š 910 9-І Го 0 ФГ. 
| M м м s м s м s M |; м 5 м 
| А Data Byte 0 A Data Byte 1 A Data Byte n-1 A Data Byten A P 
| LS Г | м Гг | 
Го | о 07 | ve | То: [ 0 0 07 | Loo о | 07 | L co 0 07 | . I po 0 
Е м s м ç. | м 5 м 5 м | 
Write enable command. 
Used before configuration directives and various programming directives. 
7 bit addressing 
| s Slave Address | У | A | Command | A | P 
за. | Ac PET LI urui 
“SDA Г Аб A5 = Al ^» | о | о | 9 1 0 І 0 0 0 L | о 
M M M s M s M 
10 bit addressing 
s | Slave Address 1% 7 bits | w | А | Slave Address 24 byte ! A ! Command ! A ! P 
ser ттт. гг г г г т т г г гг! 
SDA | 1 I 1 I 0 А9 А8 | 0 | 0 ШЕРІ A6 ых А1 A» | 0 | 0 £ 0 1 0 0 0 1 | 0 | 
м м м 5 м 8 м s M 
Write disable instruction. 
7 bit addressing 
| 5 Slave Address w A Command A P 
Es | L <. | И ОР ППІГПІГІПГІГІ 
“SDA EY AS " Al ко | о | о | 9 1 0 1 0 0 1 07179 
| M | M | м 5 M 5 M 
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10 bit addressing 
8 | Slave Address 1% 7 bits | У |А | Slave Address 2™ byte | А | Command | A | P 
set LI LI LILI ~ PLOY [1 LI LI 
SDA | 1 1 1 1 0 А9 А8 I 0 | 0 | А7 A6 - А A0 | 0 | 0 1 0 1 0 0 1 0 | 0 | 
м | м |м | 5 | M | з | M |$ | м 
Reset command. 
Used to reset parts of the configuration control system other than JTAG. 
7 bit addressing 
| s Slave Address w A Command A P 
к? | 4221 | | | ГТ | | 
| SDA | A6 А5 + Al A0 | 0 | 0 | 0 1 1 0 0 0 0 0 | 0 
| м м м 5 м 5 м 
10 bit addressing 
s | Slave Address 1%: 7 bits | w | А Slave Address 2™ byte | A | Command | A | Р 
s Гу Гу Гү Г! Ee = DE Гү Г Гү Г! | 
SDA | 1 1 1 1 0 А9 А8 | 0 | 0 | A7 A6 m Al A0 | 0 | 0 1 1 0 0 0 0 0 | 0 | 
м м м s M s M s M 
Erase command. 
Used to erase embedded Flash all regular pages and clear embedded Flash Lock sign. 
7 bit addressing 
| s | Slave Address | У | A | Command | А | Р 
| SCL UI LII | LIU! Db j LI LE LI LI lI LI l| | Ll 
| SDA | A6 A5 E Al A0 | 0 | 0 | 0 0 0 1 0 0 0 0 | 0 
| м м м 5 м S M 
10 bit addressing 
| 5 | Slave Address 1* 7 bits | W | А | Slave Address 2™ byte | А | Command | A | Р 
SCL | r1] Jl UJ UPL] му || Гу MPLA lD lI lJ 
| | 1 1 1 1 0 А9 А8 | 0 | 0 ГА Аб + А А0 | 0 | 0 0 0 1 0 0 0 0 | 0 | | 
| SDA M M M s M | s M 5 M 
Page erase command. 
Used to erase embedded Flash normal page. 
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7 bit addressing 


5 Slave Address w A Command A Address[23:16] 
SCL | | | | 
SDA | — = ae Y s о ШИ ИШ ШИ ЖШ ШЕ ШШ То То о | 1 0 a[23] | a(22] | 
м | м | | 
А Address[15:8] | A Address[7:0] | A P | 
pcm. | 
| 
(23:19) reserve Need to be set to 5'b00000 
[18:17] Ba[1:0] Heap address 
[16:8] Ra[8:0] Page address 
[7:0] reserve Needs to be set to 8'500000000 


for 1K devices, Ba[1:0] are reserved bits. 


for 2K device, Ba[1:0] is the reserved heap address and needs to be set to 2'b11. 


А А 
10 bit addressing 
s Slave Address 1% 7 bits w | А Slave Address 2" byte | А Command A Address[23:16] 
= T - T 4 Ц | 
SDA v па 1 1 То ТА [as | о | o [д [ Аб = Па Гл | о [о o То 1 То [о Гота о [523] [222] .. 
м м м | s | M | $ | м $ | м 
А Address[15:8] | A Address[7:0] A P 
= i | ГЦ 
а[17] [ane | o [jeans | [eas | o | am - | ao | o | 
5 м | s M s | M 


КО ee ee eee | 
[23:19] reserve Need to be set to 5'b00000 
[18:17] Ba[1:0] heap address 
[16:8] Ra[8:0] page address 
[7:0] reserve Needs to be set to 8'b00000000 


for 1K devices, Ba[1:0] are reserved bits. 


for 2K device, Ba[1:0] is the reserved heap address and needs to be set to 2'b11. 


ERASE_CTL 


Controls the erase command. 


Feature control page for erasing embedded Flash . 
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7 bit addressing 


| s | Slave Address | W | A | Command | А | Р | 
Г SCL | | ee, Г] m mU | 
| SDA | A6 A5 = Al A0 | 0 | 0 | 0 0 0 1 0 0 1 0 | 0 | | 
| м | м | м | 5 | м | s | м | 
10 bit addressing 
s Slave Address 18 7 bits | w | А | Slave Address 2" byte | А | Command | А | P 
set Ll тг Il ЗЕ БЕІН ЕНІН БЕРСЕ ЕП оси ЗЛЕ Мода IP гт гг гг г! 
SDA | 5 1 1 1 0 А9 АВ | 0 | 0 | АТ Аб = А1 A0 | 0 | 0 0 0 1 0 0 1 0 | 0 | 
м | м м s M s M | в м 
Programming instructions. 
Used to program the general pages of the embedded Flash. 
7 bit addressing 
5 Slave Address w A Command A Address[23:16] A Address[15:8] A Address[7:0] 
sa | rL- ri ЈЕ TL | | Е | | үг Sus 
SDA A6 AS РЯ АТ А0 I 0 0 о То 1 о | о] о 0 0 о [арз] | a[22] — [anz [ene | 0 | atl — [ a[8] 0 а] 
| м м | м 5 м 5 м s | M s M 
| A Data Byte 0 | A Data Byte 1 A | Data Byte 254 A Data Byte 255 | A P 
E WH y WH ou у ЫҢ 
a[0] 0 07 06 š Di D | о | 07 оо | | 27 | 00 0 | o7 То | ° | 
s " Isl. м dsl [м "EE" | s | " 
[23:19] reserve Need to be set to 5'b00000 
[18:17] Ba[1:0] heap address 
[16:8] Ra[8:0] page address 
[7:0] reserve Needs to be set to 8'b00000000 
for 1K devices, Ba[1:0] are reserved bits. 
for 2K device, Ba[1:0] is the reserved heap address and needs to be set to 2'b11. 
10 bit addressing 
s Slave Address 1" 7 bits w A Slave Address 2"“ byte A Command A Address[23:16] A Address[15:8] A Address[7:0] 
за. frond РЕГ Lining и гугл WI [ШИР 
50А ALIE XI о Тао | ^s | о о | A7 | ^6 -Тм [а ШЕГІ о Го 1 о Го о То 9 | 0 kaso = Гар? ш 9 Іні — Lai] | о | 201 | 
A Data Byte 0 A Data Byte 1 A Data Byte 254 A Data Byte 255 A P | 
ГГ CJ LL ~ 1) La -a ІШІ | 
Гай | o | w [ve ] гои Гю [0 | pr I - [0] o 57 | Io | o | 07 Гю [о | 
5 м 5 м 5 м 5 м | 5 | м | 
[23:19] reserve Need to be set to 5'b00000 
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[18:17] Ba[1:0] heap address 
[16:8] Ra[8:0] page address 
[7:0] reserve Needs to be set to 81200000000 


for 1K devices, Ba[1:0] are reserved bits. 


for 2K device, Ba[1:0] is the reserved heap address and needs to be set to 2'b11. 


PROGRAM_CTL 


Control programming instructions. 


Used to program feature control bits. 


2K devices 


7 bit addressing 
| s | Slave Address w A Command A Address[23:16] A Address[15:8] 

жЕ L І ~ __ ГЦ] ] - 1 | l | LJ J у J | [ [ - | J | | E L- 
SDA A6 AS тя Al А0 0 0 0 о [1 0 0 о [1 о | о [a23] | 2122] — | an7 | а16] | o | 215 | .. 
| M M M | 5 м | s | M s | M 
| А Address[7:0] A CTL[0:7] A CTL[8:15] | А CTL[16:23] | А P | 

- | ~ | | | =] 4 l L | | 

Гав | 0 а] | - Таш | o оо Го | — | 06] 07 о | ов] - [025 | o | 016] - [023] о | 
| 5 | M s M s | м s | M s | M | 

[23:0] reserve Need to be set to 24'd0 


10 bit addressing 


s Slave Address 1" 7 bits w A Slave Address 2” byte A Command A Address[23:16] A | Address[15:8] 
за тгїгїгїг гүү | О + ОШ О р Т р гг гї u a 
SDA K.L. 1 | i | о [a | as o | о А? | ^6 =. [A | a 0 о То 1 о То То 1 То o [ а[23] | а[22] | . |аһ7) Гапе) o [aps] . 
| M M M | s M s M s м E s M 


A Address[7:0] A CTL[0:7] 
Гав) | o | an I - T alo 0 » [о | [о [07 
5 м 5 м 


[23:0] reserve Need to be set to 24'd0 


https://innek.ru CPLD Configuration User Guide 
126/ 195 


PYHA 


Appendix 5 
1K/4K/7K devices 
7 bit addressing 
| Slave Address w A Соттапа А Address[23:16] A Address[15:8] 
oe - [LJ ud МЫ ВЕТ Г 1 ГТП 
^| | A6 | AS] ~ Al А0 о | о 0 о] зто о [о [1 0 0 зз] а[22] ап? Тап6 | o [ans] ... 
м | s 
A Address[7:0] | А CTL[0:7] | A CTL[8:15] A CTL[16:23] A CTL[24:31] A P 
| || LJ v ГРИГ | ЖҮЗІНЕ 
a[8] о | az | - | alo) 0 DO Di - | os [07 | o | pn | . | pss 0 016 | .. | 023 0 024 | .. | 031 | 0 
s | M s M | 5 | M s M s M | s M 
[23:0] reserve Need to be set to 24'd0 
10 bit addressing 
s Slave Address 1° 7 bits w A Slave Address 2" byte A Command A Address[23:16] Address[15:8] 
SDA 1 | 1 1 11110 A9 | Ав о | о АТ | A .. [А A о о То š 0 0 0 1 То 0 | a[23] | a[22] - [ a[17] | a[16] o Таня Г... 
| м | M M | s м | s | M $ | M M 
A Address[7:0] A CTL[0:7] A CTL[8:15] A CTL[16:23] CTL[24:31] A P 
І = 1 І | БЕЕН 1 ШІ -l J MI 
Lam o aij TT alo) | o т | 01] — | oe | v7 o ов | — Го | о |016 | — (оз | о 1024 | — [04] 9 І 
[23:0] reserve Need to be set to 24'd0 
READ 
Read command. 
Used to read embedded Flash normal page. 
[23:19] reserve Need to be set to 5'b00000 
[18:17] Ba[1:0] heap address 
[16:8] Ra[8:0] page address 
[7:6] reserve Need to be set to 2'b00 
[5:0] Ca[5:0] 32 Bit data page offset address 
for 1K devices, Ba[1:0] are reserved bits. 
for 2K device, Ba[1:0] is the reserved heap address and needs to be set to 2'b11. 
7 bit addressing 
s Slave Address w A Command A Address[23:16] A  Address[15:8] A  Address[7:0] A Dummy | 
за l m 1 І LJ L.I L. [| - == 
^| E as | . ГА г. чы 2 31-3 1-9 Г] шг apap |. T an] = afis] а а а 
за 1 = " Í ~ - > UJ НА 
lio je m B . Го [ го Е E: AA. z ж. P D7 a 
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10 bit addressing 


Save Address 7“ byte 


Appendix 5 


Save Address 1" 7 bits w 
[1 
шш шш иши иш |о 


T 


~ | + 


о [мү 


А 
- [ [ 
иш итш Томе = 
“ 5 м 


А ака] А 
І Г 
of o par 223 st Tang | o 


Address{i58) | ^ | esp | A 
-J - ГуГугъ - 
ысына 


[23:19] 


reserve Need to be set to 5'b00000 
[18:17] Ba[1:0] heap address 
[16:8] Ra[8:0] page address 
[7:6] reserve Need to be set to 2'b00 
[5:0] Ca[5:0] 32 Bit data page offset address 


for 1K devices, Ba[1:0] are reserved bits. 


for 2K device, Ba[1:0] is the reserved heap address and needs to be set to 2'b11. 


READ_CTL 


Control read command. 


Used to read embedded Flash feature control bits. 


2K devices 
7 bit addressing 

5 Slave Address “|а Command A Address[23:16] A Address[15] A Address[7:0] A Dummy A 

E ШОКА ~ SLU WLS LS LS LS LS LS LI LU LS - LW BEN: Ls. | 2-21 | 

SDA l A [ A5 | Га | AD о ЕГЕН ЕГІН ai Тъ То То То [а | о [209 [209] - Гата o | ai] — [а] о 211 120 | о ЕГЕН шеш игш игш 
м м 5 м 5 м 5 м "i 5 м 5 м 5 | м 
s Slave Address A 07] 8:15] А cti[1623] NA P | 

за. = | 

SDA | 


[23:0] reserve Need to be setto 24'd0 
10 bit addressing 
s Slave Address 1" 7 bits A | ме 2 byte А Command A Address23:16] A Address[15:8]. A Address[7:0]. A Dummy A 
sr ШПІГІПГІПГІПІ rurururriri ГГЦ m ПІГІГІГІ п ry = 
8 агаа ааа ааа ааа аага чаа інге нісі 
Slave Address 1" 7 bits Slave Address 27 byte A s Slave Address 1" 7 bits R ощол) A овал] A 1623] NA » 
за Ш гъ г m. mM ig l І гъгъ гъ гү гол голи NUN || Fir 
wa i T3-13- 13 I 3 T3 T 7 Г] T= a ОТ В l а БЕРЕН ЕГЕН БЕН ГЕН Ш-Н ШТІ „Е то Т LET [= Тео [551 — [ 93 | 3 [ 
[23:0] reserve Need to be set to 24'd0 
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7 bit addressing 

s Slave Address “(А Command A  Address[23:16] A Address[15:8] A Adáress[7:0] A Dummy A 
за Ш [UT UI Ц W U | - ГЦ - Ш - L- Ш | m 
SDA A | AS | ..] Al | A | O 0 0 0 “т 203] Гар2|| [а [208] | © | 2115] = 201 I Га o 0 E 

“ Slave Address “|А 07] А 28:19] А 1623] А ci[431] NA P 
зі iJ LI L.-—J LI UL! ШЫГ” Ы | | L.- Ш L- —- | Ш 
SDA №] Al | AD 1 0 p [o | _ [06 [07 | о | 08] . [05] o ~ [023 ] о [04] . Том | 1 

м M MIS 5 | м 5 м м 5 м м 

[23:0] reserve Need to be setto 24'd0 
10 bit addressing 
s Slave Address 1“ 7 bits Slave Address 7" byte Command. Address[23:16] Dummy 


ыы ыы 
ЕЕ БА ВЫ ЕП Е ПЕ 


1011 


3 А Address[15:8] A Adáress[7:0] A 

я LI | | 1-1 L l І i 
= s [sup] — [38 | 9 1995 
s м s| u s 


^ вая ^ ава 
ж тъ шш шш шечи изи шш шиш [3* T Това | она 
м м FRES s m s Ifl 


[23:0] 


reserve 


Need to be set to 24'd0 


PROGRAM_LOCK 


Lock instruction. 


Used to inhibit programming and reading operations on the bit stream. 


The data is sequentially shifted into the page address lock_ra[0:8] of the last page of the bitstream, the 
heap address lock_ba[0:1], the lock flag lock and 4'd0. 


For 1K devices, lock_ba[1:0] are reserved bits. 


For 2K devices, lock_ba[1:0] is the reserved heap address and needs to be set to 2’b11. 


7 bit addressing 


s | Slave Address | w | А Соттапа А Address[23:16] | А | aAddress[15:8] 
SCL | [ | | | | | | LJ ЦГ l | | | 

SDA | [as ГА | — [| AA | AO | 0 | oO | 0 | 1 То о [о 0 о То | 0 | 2[23] | а221| . Тай?) | а[16] о [asl .. 

м | M | а | s | M | s M 5 м 

| | А Address[7:0] A lock[0:7] A lock[8:15] A | 

ЈИ и | ГЪ ЦГ ЦІ | 

| | | | | | 
[es | o |an Г - | ao) | o | vo | o1 | .. | pe | pz | o | ps = [255 | о | 
s | м | $ | м | s | M s M 
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[23:0] reserve Need to be set to 24'd0 


10 bit addressing 


s Slave Address 1“ 7 bits w A Slave Address 2" byte A ‘Command A Address[23:16] A Address[15:8] 

SCL 1 | А 1 Г - ж 

50А l | 1 rT 1 То [№ [^s 0 0 А7 a6 | — | Ai | AO 0 0 оо То То То То o [арз [222] I — [айл [ 2116] o | ay]. NH 
M | M м 5 м 5 м 5 м 5 м 


| А Address[7:0] A lock[0:7] A lock[8:15] A P 
- LJ ~ І - | 

agp | o [ay] [ам о | oo | p: = | 06 Го | o | ов = 1 = 0 Г 

5 м 5 м 5 м 5 м 


[23:0] reserve Need to be set to 24'd0 


EFlash_SLEEP 
Embedded Flash sleep command. 
Used to hibernate embedded Flash. 


7 bit addressing 


| s | Slave Address | w | А | Command | А | Р 
Е" LILL o] ПОАРО ГОГ ЕГ 
| SDA | A6 А5 E AI A0 | 0 | 0 | 0 1 1 1 0 0 0 0 | 0 | 
м м м 5 м | 5 м 
10 bit addressing 
s | Slave Address 1* 7 bits ! w | А | Slave Address 2% byte | А | Command | А | P 
ser Го о о ооо eee eee 
SDA | 1 1 1 1 0 A9 A8 | 0 | 0 [САТ Аб R Al A0 | 0 | 0 1 1 1 0 0 0 0 | 0 | 
м | м | м | s | M | s | м | 5 | м 
EFlash_WAKEUP 
Embedded Flash wake-up command. 
Used to wake up the embedded Flash. 
7 bit addressing 
5 | Slave Address w A Command A P 
== | rur ди г г | 
| SDA | А6 А5 ES AI A0 | 0 | 0 | 0 1 1 1 0 0 0 1 | 0 | | 
| M | м | м | | M | s | M | 
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, : 
10 bit addressing 
s Slave Address 18 7 bits Slave Address 2™ byte Command A P 
SCL ГІГІГІ! | ГІ! LJ ГГ 
SDA 1 1 1 1 0 А9 AR А7 AG Al AO || 0 0 0 || 0 
м м м м 5 м 
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Appendix 6 


Internal slave APB interface register introduction. 


IDCODE register 0 

[7:0] | idcode[7:0] IDCODE[7:0] 
IDCODE register 1 

[7:0] | idcode[15:8] IDCODE[15:8] 
IDCODE register 2 


[7:0] | idcode[23:16] | IDCODE[23:16] 


IDCODE register 3 


[7:0] | idcode[31:24] | IDCODE[31:24] 


USERCODE register 0 


[7:0] | usercode[7:0] USERCODE[7:0] 


USERCODE register 1 


[7:0] | usercode[15:8] USERCODE[15:8] 


USERCODE register 2 


[7:0] | usercode[23:16] | USERCODE[23:16] 


USERCODE Register 3 


[7:0] | usercode[31:24] | USERCODE[31:24] 


UID register 0 


[7:0] UID[7:0] 
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UID register 1 

[7:0] | uid[15:8] UID[15:8] 
UID register 2 

[7:0] | uid[23:16] UIDs [23:16] 
UID Register 3 

[7:0] | uid[31:24] UIDs [31:24] 
UID Register 4 

[7:0]  uid[39:32] UIDs [39:32] 
UID Register 5 

[7:0] | uid[47:40] UIDs [47:40] 
UID Register 6 

[7:0] | uid[55:48] UIDs [55:48] 
UID Register 7 

[7:0] | uid[63:56] UIDs [63:56] 


Configuration Control System Status Register 0 


[7:0] status[7:0] Configure the status register [7:0] of the control 
system 


Configuration Control System Status Register 1 


[7:0] status[15:8] Configure the status registers of the control system [15:8] 


Configuration Control System Status Register 2 


[7:0] status[23:16] | Configuring the status register of the control system [23:16] 
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UID register 0 
Configuration Control System Status Register 3 
BIT NAME DESCRIPTION 
[7:0] status[31:24] Configuring the status register of the control system 
[31:24] 
Interrupt Control Register 
BIT NAME DESCRIPTION 
[7:5] reserve 
Read Ready Interrupt Enable 
[4] irq_rrdy _ | o. disabled 
1: enable 
Write Ready Interrupt Enable 
B] irq_wrdy — |o. disabled 
1: enable 
Embedded Flash Idle interrupt enable 
[2] irq_idle о; disabled 
1: enable 
Interrupt enable from IC interface operation 
[1] irq_si2c_proc 0 : disabled 
1: enable 
Interrupt enable from SPI interface operation 
[0] | irq_sspi ргос |o. disabled 
1: enable 
Command register 
INSTRUCTION DESCRIPTION OPCODE 
NOP no Operation FF 
WREN Write enable 51 
WRDIS Write Disable 52 
RESET Reset CPLD device 60 
ERASE Erase Bulk 10 
ERASE_PAGE Erase Page 11 
ERASE_CTL Erase Features control bit 12 
PROGRAM program page 20 
РКОСКАМ СП. program Features Control Bit 21 
READ Read 30 
READ_CTL Read Features control page 31 
PROGRAM_LOCK lock Embedded Flash 40 
EFlash_SLEEP Embedded Flash sleep 70 
EFlash_WAKEUP Embedded Flash wake up up 71 
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address register 0 


[7:6] reserve 


(5:0) Ca[5:0] 32 Bit data page offset address 


address register 1 


[7:0] Ra[7:0] page address [7:0] 


address register 2 


r2 
| 


[7:3] reserve 
[2:1] Ba[1:0] heap address 
[0] Ra[8] page address [8] 


For 1K devices, Ba[1:0] are reserved bits. 


For 2K devices, Ba[1:0] is the reserved heap address and needs to be set to 2'b11. 


Data send register 


Used to send embedded Flash programming data. 


Data Receive Register 


Used to receive embedded Flash read data. 


status register 


[7:5] reserve 


[4] rrdy read status indication 
0 : not ready to read data 
1: Ready to read data, can read data 


[3] wrdy programming status indication 
0 : not ready to receive programming data 


1: Ready to receive programming data, can write 
programming data 


[2] busy Embedded Flash busy indicator 
0 : idle 
1: busy 
https://innek.ru CPLD Configuration User Guide 


135/195 


PYHA 


UID register 0 
[1] si2c_proc Slave РС Interface Status 
0: idle 
1: working 
[0] sspi_proc Slave SPI interface status 
0: idle 
1: working 
Interrupt Status Register 
BIT NAME DESCRIPTION 
[7:5] reserve 
[4] irq_rrdy read ready interrupt, write 1 to clear 
0 : not ready to read data 
1 : Ready to read data, can read data 
[3] га, wrdy Write ready interrupt, write 1 to clear 
0: Not ready to receive programming data 
1: Ready to receive programming data, can write 
programming data 
[2] га idle Embedded Flash Idle interrupt, write 1 to clear 
[1] па 52с ргос | Interrupt from РС interface, write 1 to clear 
[0] ігі sspi proC | Interrupt from SPI interface, write 1 to clear 
Interrupt register 
BIT NAME DESCRIPTION 
[7:5] reserve 
[4] ігі timer Timer function block interrupt 
[3] ігі 512с1 РС Function block 1 to interrupt 
[2] irq_si2c0 РС function block 0 to interrupt 
[1] irq_spi SPI function block interrupt 
[0] irq_ccs Embedded Flash controller interrupt 
Lock Page Address 0 register 
BIT NAME DESCRIPTION 
[7:0] lock_ra[7:0] Bit stream last page address low 8 bit 
Lock Page Address 1 register 
BIT NAME DESCRIPTION 
[7:4] reserve 
[3] lock lock flag 
[2:0] lock ra[10:8] bit stream tail page address high 3 bit 
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Appendix 7 


Internal from APB operational process flow. 


read IDCODE 


read IDCODE register 0 
read IDCODE register 1 
read IDCODE register 2 
read IDCODE Register 3 


Read IDCODER0 ) 


Read IDCODERI 
Read IDCODER2 


Read IDCODER3 p 


read USERCODE 

read USERCODE register 0 
read USERCODE register 1 
read USERCODE register 2 
read USERCODE Register 3 


( Read USERCODERO ) 


Read USERCODERI 


Read USERCODER2 


( Read USERCODER3 ) 
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read UID 


read UID register 0 


read UID register 1 


read UID register 2 
read UID Register 3 
read UID Register 4 
read UID Register 5 
read UID Register 6 
read UID Register 7 


Read UIDR0 


Read UIDR6 


Read UIDR7 
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Read Ше status register of the configuration control system 


Read Configuration Control System Status Register 0 


Read Configuration Control System Status Register 1 


Read Configuration Control System Status Register 2 


Read Configuration Control System Status Register 3 
( Read STATUSRO ) 


Read STATUSRI 
Read STATUSR2 


( Read STATUSR3 ) 


reset 


Write RESET command to command register 


Write RESET 
To CMDR 


Hibernate Embedded Flash 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in an 
idle state (the busy bit of the status register is 0). 


peer-to-peer mode 


write NOP command to command register 


write WREN command to command register 


write EFlash_SLEEP command to command register 


Read the status register continuously until busy is detected for low 


write WRDIS command to command register 


write NOP command to command register 
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Write NOP 
| То CMDR 


Write EFLASH_SLEEP 
To CMDR 


Read STATUSR 


Write NOP 
To CMDR 
interrupt mode 


write NOP command to command register 


write WREN command to command register 


write EFlash_SLEEP command to command register 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


write WRDIS command to command register 


write NOP command to command register 


Write NOP 
To CMDR 


Write WREN 
To CMDR 


Write EFLASH SLEEP 
To CMDR 


Wait irq 


= 
6 


ad 
IRQSTATUSR, 


Write WRDIS 
To CMDR 


Write NOP 
To CMDR 


https://innek.ru CPLD Configuration User Guide 
140/ 195 


PYHA 


Appendix 7 


Wake up embedded Flash 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in an 
idle state (the busy bit of the status register is 0). 


peer-to-peer mode 


write NOP command to command register 


write WREN command to command register 


Write EFlash_WAKEUP command to command register 


Read the status register continuously until busy is detected for low 
write WRDIS command to command register 


write NOP command to command register 


Write NOP 
To CMDR 


Write WREN 
To CMDR 
rite EFLASH_WAKEUP 
To CMDR 
* 


Read STATUSR 


+ 


Write WRDIS 
To CMDR 


Write NOP 
To CMDR 
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interrupt mode 


write NOP command to command register 


write WREN command to command register 


Write EFlash_WAKEUP command to command register 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 


Write interrupt status register, clear embedded Flash idle interrupt 


write WRDIS command to command register 


Write NOP 
To CMDR 


(кых) 


Read 
IRQSTATUSR 


Write WRDIS 
To CMDR 


Write NOP 
To CMDR 


Programming Feature Control Bits 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash 15 іп ап 
idle state (the busy bit of the status register is 0). 


peer-to-peer mode 


write NOP command to command register 


write WREN command to command register 


write PROGRAM_CTL command to command register 


Write feature control bits ctl[7:0] to data transmit register 


Write feature control bits ctl[15:8] to data transmit register 


Write feature control bits ctl[23:16] to data transmit register 


Read the status register continuously until busy is detected for low 


write READ_CTL command to command register 


Read data receive register, read feature control bit ctl[7:0] 


Read data receive register, read feature control bit ctl[15:8] 


Read data receive register, read feature control bit ctl[23:16] 


write NOP command to command register 


Read the status register continuously until busy is detected for low 
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write WRDIS command to command register 


write NOP command to command register 


Write NOP 
To CMDR 


Write WREN 
To CMDR 


тие PROGRAM_CT 
To CMDR 


Write сїї[7:0] 
To DATATR 


+ 
Write сщ 15:81 
То DATATR 


Write ctl[23:16] 
To DATATR 


Read STATUSR 


d 


busy? 
ю 


тие READ СТГ 
То СМОК 


Read сїї[7:0] 
From DATARR 


Read ctl[15:8] 
From DATARR 


Read ctl[23:16] 
From DATARR 


Write NOP 
To CMDR 


Read STATUSR 


busy? 


Ir 


Write WRDIS 
To CMDR 


Write NOP 
To CMDR 


interrupt mode 


write NOP command to command register 


write WREN command to command register 
write PROGRAM CTL command to command register 


After receiving the interrupt, read the interrupt status register and detect 
the embedded Flash write ready interrupt 


Write feature control bits ctl[7:0] to data transmit register 
Write feature control bits ctl[15:8] to data transmit register 
Write feature control bits ctl[23:16] to data transmit register 


Write interrupt status register, clear embedded Flash write ready interrupt 
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After receiving the interrupt, read Ше interrupt status register and detect 
the embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


write READ_CTL command to command register 


After receiving the interrupt, read the interrupt status register and detect 
the embedded Flash read ready interrupt 
Read data receive register, read feature control bit ctl[7:0] 


Read data receive register, read feature control bit ctl[15:8] 


Read data receive register, read feature control bit ctl[23:16] 


write NOP command to command register 


Write interrupt status register, clear embedded Flash read ready interrupt 


After receiving the interrupt, read the interrupt status register and detect 
the embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


write WRDIS command to command register 


write NOP command to command register 
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rite PROGRAM СТІ rite READ СТІ: 
To CMDR To CMDR 


Read Read 
IRQSTATUSR IRQSTATUSR 


no по 
Wrdy? 
yes yes 
+ 
Write ctl[7:0] Read ctl[7:0] 
To DATATR From DATARR 


i Read ctl[15:8] 
Write ctl[15:8] 
ToDATATR From DATARR 
+ 
i Е Read ctl[23:16] 
Write ctl[23:16] 
То DATATR From DATARR 


тра Write NOP 
IRQSTATUSR To CMDR 
| i 
Write 
Wait irq IRQSTATUSR 


Read 
IRQSTATUSR 


| 


Write u Irq process 
IRQSTATUSR 


Write NOP 
To CMDR 


reset feature control bit 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in an 
idle state (the busy bit of the status register is 0). 


peer-to-peer mode 


write NOP command to command register 


write WREN command to command register 


Write ERASE_CTL command to command register 


Read the status register continuously until busy is detected for low 


write READ_CTL command to command register 


Read data receive register, read feature control bit ctl[7:0] 


Read data receive register, read feature control bit ctl[15:8] 
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Read data receive register, read feature control bit ctl[23:16] 


write NOP command to command register 


Read the status register continuously until busy is detected for low 


write WRDIS command to command register 


write NOP command to command register 


Write NOP 
To CMDR 


Write WREN 
To CMDR 


| i 


Write ERASE CTL 
To CMDR 


Read STATUSR 


| 


Џ 


rite КЕАр_СТЕ 
То CMDR 


* 


Read ctl[7:0] 
From DATARR 


* 


Read ctl[15:8] 
From DATARR 


Lj 
Read ctl[23:16] 
From DATARR 
* 


Read STATUSR 


Write NOP 
To CMDR 


interrupt mode 


write NOP command to command register 


write WREN command to command register 
Write ERASE CTL command to command register 


After receiving the interrupt, read the interrupt status register and 
detect the embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 
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write READ СТІ command to command register 


After receiving the interrupt, read the interrupt status register and 
detect the embedded Flash read ready 

to interrupt 

Read data receive register, read feature control bit ctl[7:0] 


Read data receive register, read feature control bit ctl[15:8] 


Read data receive register, read feature control bit ctl[23:16] 


write NOP command to command register 


Write interrupt status register, clear embedded Flash read ready 
interrupt 

After receiving the interrupt, read the interrupt status register and 
detect the embedded Flash idle interrupt 

Write interrupt status register, clear embedded Flash idle interrupt 


write WRDIS command to command register 


write NOP command to command register 
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Write NOP 
To CMDR 


Write WREN 
To CMDR 


| i 


Write ERASE CTL 
To CMDR 


Read STATUSR 


| 


busy? 


Read ctl[7:0] 
From DATARR 


Read ctl[15:8] 
From DATARR 


From DATARR 


+ 
Read ctl[23:16] 


Read STATUSR 


H 


Write NOP 
To CMDR 


interrupt mode 


Write NOP command to command register 


Write WREN command to command register 


Write ERASE_CTL command to command register 

After receiving an interrupt, read the interrupt status register to detect the embedded Flash 
idle interrupt 

Write the interrupt status register to clear the embedded Flash idle interrupt 

Write READ_CTL command to command register 

After receiving an interrupt, read the interrupt status register to detect that the embedded 
Flash read is ready 

to interrupt 


Read data receive register, read feature control bits ctl[7:0] 


Read data receive register, read feature control bits ctl[15:8] 
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Read data receive register, read feature control bits ctl[23:16] 


Write NOP command to command register 

Write interrupt status register, clear embedded Flash read ready interrupt 

After receiving an interrupt, read the interrupt status register to detect the embedded Flash 
idle interrupt 

Write the interrupt status register to clear the embedded Flash idle interrupt 

Write WRDIS command to command register 

Write NOP command to command register 


Write NOP 
To CMDR 


Write WREN 
To CMDR 


Write ERASE_CTL 


To CMDR 


Read 
IRQSTATUSR 


Write 
IRQSTATUSR, 


/rite READ СТГ 
To CMDR 


Wait irq 


Read 
IRQSTATUSR, 


Read ctl[7:0] 
From DATARR 


Read ctl[ 15:8] 
From DATARR 


Read cil[23:16] 
From DATARR 


Write NOP 
To CMDR 


Wait irq 


Read 
IRQSTATUSR 


Idle? = СЭ, 


Write WRDIS 
To CMDR 


Write NOP 
To CMDR 


https://innek.ru CPLD Configuration User Guide 
149/ 195 


20 va 3⁄4 Appendix 7 


read feature control bits 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in an 
idle state (the busy bit of the status register is 0). 


peer-to-peer mode 


write NOP command to command register 


write WREN command to command register 


write READ_CTL command to command register 


Read data receive register, read feature control bit ctl[7:0] 


Read data receive register, read feature control bit ctl[15:8] 


Read data receive register, read feature control bit ctl[23:16] 


write NOP command to command register 


Read the status register continuously until busy is detected for low 


write WRDIS command to command register 


write NOP command to command register 


Write NOP 
To CMDR 


Write WREN 
To CMDR 


* 


тие READ СТІ. 
To CMDR 


Read ctl[7:0] 
From DATARR 


Read ctl[15:8] 
From DATARR 


Read ctl[23:16] 
From DATARR 


Write NOP 
To CMDR 


no 


Write WRDIS 
To CMDR 


Write NOP 
To CMDR 
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interrupt mode 


write NOP command to command register 


write WREN command to command register 


write READ_CTL command to command register 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash read ready interrupt 
Read data receive register, read feature control bit ctl[7:0] 


Read data receive register, read feature control bit ctl[15:8] 


Read data receive register, read feature control bit ctl[23:16] 


write NOP command to command register 


Write interrupt status register, clear embedded Flash read ready interrupt 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


write WRDIS command to command register 


write NOP command to command register 
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Write NOP 
To CMDR 


i 


Write WREN 
To CMDR 


rite READ CTL 


Ке 
IRQSTATUSR 


в 
а. 


Read ctl[23:16] 
From DATARR 


Write NOP 
To CMDR 
+ 


Write 
IRQSTATUSR 


Waitirq 


0) 


Read 
IRQSTATUSR 


по 
Idle? 
yes 


Write 
IRQSTATUSR 


Write WRDIS 
To CMDR 


Write NOP 
To CMDR 


programming bit stream 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in an 
idle state (the busy bit of the status register is O) 


peer-to-peer mode 


Write Address Register O 
Write Address Register 1 
Write Address Register 2 , Write Bit Stream 1 page data address 


write NOP command to command register 


write WREN command to command register 
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WRITE PROGRAM command to command register 
write bitstream 1st Page Data to Data Transmit Register 
Read the status register continuously until busy is detected for low 
write read command to command register 
Read data receive register, read bit stream 1 page data 
write NOP command to command register 
Read the status register continuously until busy is detected for low 
Write Address Register 0 
Write Address Register 1 
Write Address Register 2 , Write Bit Stream 2 page data address 
WRITE PROGRAM command to command register 
write bitstream 2 Page Data to Data Transmit Register 
Read the status register continuously until busy is detected for low 
write read command to command register 
Read data receive register, read bit stream 2 page data 
write NOP command to command register 
Read the status register continuously until busy is detected for low 
Write Address Register 0 
Write Address Register 1 
Write address register 2 , write bit stream nth page data address 
WRITE PROGRAM command to command register 
write bitstream nth Page Data to Data Transmit Register 
Read the status register continuously until busy is detected for low 
write read command to command register 
Read the data receiving register, read the nth bit stream page data 
write NOP command to command register 
Read the status register continuously until busy is detected for low 
write WRDIS command to command register 
write NOP command to command register 
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(Page 1) 


Write NOP 
To CMDR 


Read STATUSR 


= 
= 
8 


ADRO 


(Page 2) 


Write BYTE! 
To DATATR 


Read STATUSR 


Read BYTE256 
From DATARR 


Read STATUSR 


Wi 
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Read BYTE256 
From DATARR 


Write NOP 
To CMDR 


Write WRDIS 
To CMDR 
Write NOP 
To CMDR 
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interrupt mode 


Write Address Register 0 
Write Address Register 1 
Write Address Register 2 , Write Bit Stream 1 page data address 


write NOP command to command register 


write WREN command to command register 
WRITE PROGRAM command to command register 


write bitstream 1st Page data to data transmit register: 

After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash Write ready interrupt writes the first byte to the data 
transmission register 

write 2nd bytes to data transmit register 

write 3rd bytes to data transmit register 

write number 4 bytes to data transmit register 

Write interrupt status register, clear embedded Flash write ready interrupt 
After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash Write ready interrupt writes the 5th byte to the data transmit 
register 

write number 6 bytes to data transmit register 

write the 7th bytes to data transmit register 

write the 8th bytes to data transmit register 

Write interrupt status register, clear embedded Flash write ready interrupt 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash Write ready interrupt writes the 253rd byte to the data transmit 
register 

write the 254th bytes to data transmit register 

write the 255th bytes to data transmit register 

Write No. 256 bytes to data transmit register 

Write interrupt status register, clear embedded Flash write ready interrupt 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


write read command to command register 


Read data receive register, read bit stream 1 Page data: 

After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash Read ready interrupt read data receive register, read the first 
byte 

Read data receive register, read the 2nd bytes 

Read data receive register, read the 3rd bytes 

Read the data receive register, read the 4th bytes 

Write interrupt status register, clear embedded Flash read ready interrupt 
After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash Read ready interrupt read data receive register, read the 5th 
byte 

Read the data receive register, read the 6th bytes 

Read the data receive register, read the 7th bytes 

Read the data receive register, read the 8th bytes 

Write interrupt status register, clear embedded Flash read ready interrupt 


https://innek.ru CPLD Configuration User Guide 
155/195 


PYA 


Appendix 7 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash Read ready interrupt read data receive register, read the 253rd 
byte 

Read data receive register, read No. 254 bytes 

Read the data receiving register, read the 255th bytes 

Read data receive register, read No. 256 bytes 

Write interrupt status register, clear embedded Flash read ready interrupt 
write NOP command to command register 


Write interrupt status register, clear embedded Flash read ready interrupt 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


Write Address Register 0 

Write Address Register 1 

Write Address Register 2 , Write Bit Stream 2 page data address 
WRITE PROGRAM command to command register 

write bitstream 2 Page Data to Data Transmit Register 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


write read command to command register 


Read data receive register, read bit stream 2 page data 


write NOP command to command register 


Write interrupt status register, clear embedded Flash read ready interrupt 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


Write Address Register 0 

Write Address Register 1 

Write address register 2 , write bit stream nth page data address 
WRITE PROGRAM command to command register 

write bitstream nth Page Data to Data Transmit Register 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


write read command to command register 


Read the data receiving register, read the nth bit stream page data 


write NOP command to command register 


Write interrupt status register, clear embedded Flash read ready interrupt 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


write WRDIS command to command register 


write NOP command to command register 
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Write ADRO 
Write ADRO 


Write ADRO 
Write ADR1 


(Page 1) 


Write 
IRQSTATUSR 


Read IRQSTATUSR 


yes 
Write BYTES 
To DATATR 
Write BYTEG 
To DATATR 
Write BYTE7 
To DATATR 


ув 
Write BYTES 
To DATATR 
Write BYTE6 
To DATATR 
Write BYTE7 
To DATATR 


ws 
Write BYTES 
To DATATR 
Write BYTEG 
To DATATR 
Write BYTE7 
To DATATR 
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Write BYTE8 
To DATATR 
Write 
IRQSTATUSR 
Write BYTE256 
To DATATR 
Write 
IRQSTATUSR 


Read BYTE2 
From DATARR 
Read BYTE3 
From DATARR 


Read BYTE4 
From DATARR 
Write Write 
IRQSTATUSR IRQSTATUSR 
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Write WRDIS 
To CMDR 


Write NOP 
To CMDR 


Erase bit stream 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in an 
idle state (the busy bit of the status register is 0). 


peer-to-peer mode 
Write Address Register 0 
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Write Address Register 1 


Appendix 7 


Write Address Register 2 , Write Bit Stream 1 page data address 


write NOP command to command register 


write WREN command to command register 


write ERASE_PAGE command to command register 


Read the status register continuously until busy is detected for low 


write read command to command register 


Read data receive register, read bit stream 1 page data 


write NOP command to command register 


Read the status register continuously until busy is detected for low 


Write Address Register 0 


Write Address Register 1 


Write Address Register 2 , Write Bit Stream 2 page data address 


write NOP command to command register 


write ERASE_PAGE command to command register 


Read the status register continuously until busy is detected for low 


write read command to command register 


Read data receive register, read bit stream 2 page data 


write NOP command to command register 


Read the status register continuously until busy is detected for low 


Write Address Register 0 


Write Address Register 1 


Write address register 2 , write bit stream nth page data address 


write NOP command to command register 


write ERASE_PAGE command to command register 


Read the status register continuously until busy is detected for low 


write read command to command register 


Read the data receiving register, read the nth bit stream page data 


write NOP command to command register 


Read the status register continuously until busy is detected for low 


write WRDIS command to command register 


write NOP command to command register 
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Write ADR0 Write ADR0 


Write ADR0 


Write ADRI 


(Page 2) (Page nà 


Write ADR2 


Read BYTE256 
From DATARR 


Read BYTE256 
From DATARR 


по 
Write WRDIS 
To CMDR 
Write NOP 
To CMDR 
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interrupt mode 


https: 


Write Address Register 0 


Write Address Register 1 


Write Address Register 2 , Write Bit Stream 1 page data address 


write NOP command to command register 


write WREN command to command register 


write ERASE_PAGE command to command register 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 


Write interrupt status register, clear embedded Flash idle interrupt 


write read command to command register 


Read data receive register, read bit stream 1 Page data: 

After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash Read ready interrupt read data receive register, read the first 
byte 

Read data receive register, read the 2nd bytes 

Read data receive register, read the 3rd bytes 

Read the data receive register, read the 4th bytes 

Write interrupt status register, clear embedded Flash read ready interrupt 
After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash Read ready interrupt read data receive register, read the 5th 
byte 

Read the data receive register, read the 6th bytes 

Read the data receive register, read the 7th bytes 

Read the data receive register, read the 8th bytes 

Write interrupt status register, clear embedded Flash read ready interrupt 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash Read ready interrupt read data receive register, read the 253rd 
byte 

Read data receive register, read No. 254 bytes 

Read the data receiving register, read the 255th bytes 

Read data receive register, read No. 256 bytes 

Write interrupt status register, clear embedded Flash read ready interrupt 


write NOP command to command register 


Write interrupt status register, clear embedded Flash read ready interrupt 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 


Write interrupt status register, clear embedded Flash idle interrupt 


Write Address Register 0 


Write Address Register 1 


Write Address Register 2, Write Bit Stream 2 page data address 


write ERASE_PAGE command to command register 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


write read command to command register 
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Read data receive register, read bit stream 2 page data 


write NOP command to command register 


Write interrupt status register, clear embedded Flash read ready interrupt 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


Write Address Register 0 
Write Address Register 1 
Write address register 2 , write bit stream nth page data address 


write ERASE_PAGE command to command register 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


write read command to command register 


Read the data receiving register, read the nth bit stream page data 


write NOP command to command register 


Write interrupt status register, clear embedded Flash read ready interrupt 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


write WRDIS command to command register 


write NOP command to command register 
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Write ADR0 


Write ADR0 


Write ADR0 


(Page n) 


Read BYTE1 
From DATARR 
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read bitstream 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in an 


idle state (the busy bit of the status register is 0). 
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реег-іо-реег mode 


Write Address Register 0 
Write Address Register 1 
Write address register 2 , write bit stream in embedded Flash The first address in 


write NOP command to command register 


write WREN command to command register 


write read command to command register 


Read data receive register, read bit stream 


write NOP command to command register 


Read the status register continuously until busy is detected for low 


write WRDIS command to command register 


write NOP command to command register 
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https: 


innek.ru 


Write ADRO 


Write ADR1 


Write NOP 
To CMDR 
Write WREN 
To CMDR 
Write READ 
To CMDR 
Read BYTEI 
From DATARR 
Read BYTE2 
From DATARR 
Read BYTEn 
From DATARR 
Write NOP 
To CMDR 
Read STATUSR 


Write WRDIS 
To CMDR 
Write NOP 
To CMDR 
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interrupt mode 


Write Address Register 0 
Write Address Register 1 
Write address register 2 , write bit stream in embedded Flash The first address in 


write NOP command to command register 


write WREN command to command register 


write read command to command register 


Read data receive register, read bit stream: 

After receiving the interrupt, read the interrupt status register and detect the embedded 
Flash Read ready interrupt read data receive register, read the first byte 

Read data receive register, read the 2nd bytes 

Read data receive register, read the 3rd bytes 

Read the data receive register, read the 4th bytes 

Write interrupt status register, clear embedded Flash read ready interrupt 

After receiving the interrupt, read the interrupt status register and detect the embedded 
Flash Read ready interrupt read data receive register, read the 5th byte 

Read the data receive register, read the 6th bytes 

Read the data receive register, read the 7th bytes 

Read the data receive register, read the 8th bytes 

Write interrupt status register, clear embedded Flash read ready interrupt 


Read data receive register, read nth bytes 


write NOP command to command register 


Write interrupt status register, clear embedded Flash read ready interrupt 


After receiving the interrupt, read the interrupt status register and detect the embedded 
Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


write WRDIS command to command register 


write NOP command to command register 
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yes 
Read BYTE1 
From DATARR 


Write ADRO 


Write ADR1 
Write ADR2 


Write WREN 
To CMDR 
Write READ 
To CMDR 


Read IRQSTATUSR 


Read BYTE2 
From DATARR 


Write 
IRQSTATUSR 


Irq process 


Read IRQSTATUSR 


yes 
Read BYTE5 
From DATARR 


Read BYTE6 
From DATARR 


Read BYTE7 
From DATARR 


Read BYTE8 
From DATARR 


Write 
IRQSTATUSR 


Read BYTEn 
From DATARR 
Write NOP 
To CMDR 

Write 
IRQSTATUSR 


Read IRQSTATUSR 
yes 
Write 
IRQSTATUSR 
Write WRDIS 
To CMDR 
Write NOP 
To CMDR 
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Programming User Flash 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in an 
idle state (the busy bit of the status register is 0). 


peer-to-peer mode 


Write Address Register 0 
Write Address Register 1 
Write address register 2 , write user Flash No. 1 page data address 


write NOP command to command register 


write WREN command to command register 
WRITE PROGRAM command to command register 
Write User Flash No. 1 Page Data to Data Transmit Register 


Read the status register continuously until busy is detected for low 


write read command to command register 


Read data receiving register, read user Flash No. 1 page data 


write NOP command to command register 


Read the status register continuously until busy is detected for low 
Write Address Register 0 
Write Address Register 1 
Write address register 2 , write user Flash No. 2 page data address 


write NOP command to command register 
WRITE PROGRAM command to command register 
Write User Flash No. 2 Page Data to Data Transmit Register 


Read the status register continuously until busy is detected for low 


write read command to command register 


Read data receiving register, read user Flash No. 2 page data 


write NOP command to command register 


Read the status register continuously until busy is detected for low 


Write Address Register 0 
Write Address Register 1 
Write address register 2 , write user Flash nth _ page data address 


write NOP command to command register 
WRITE PROGRAM command to command register 
Write User Flash nth _ Page Data to Data Transmit Register 


Read the status register continuously until busy is detected for low 


write read command to command register 


Read data receiving register, read user Flash nth _ page data 


write NOP command to command register 


Read the status register continuously until busy is detected for low 


write WRDIS command to command register 
write NOP command to command register 
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Write ADR0 Write ADR0 


(Page 2) (Page n) 


н m ...... 


Write МОР 
То CMDR 
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interrupt mode 


Write Address Register 0 
Write Address Register 1 
Write address register 2 , write user Flash No. 1 page data address 


write NOP command to command register 


write WREN command to command register 
WRITE PROGRAM command to command register 


Write User Flash No. 1 Page data to data transmit register: 

After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash Write ready interrupt writes the first byte to the data 
transmission register 

write 2nd bytes to data transmit register 

write 3rd bytes to data transmit register 

write number 4 bytes to data transmit register 

Write interrupt status register, clear embedded Flash write ready interrupt 
After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash Write ready interrupt writes the 5th byte to the data transmit 
register 

write number 6 bytes to data transmit register 

write the 7th bytes to data transmit register 

write the 8th bytes to data transmit register 

Write interrupt status register, clear embedded Flash write ready interrupt 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash Write ready interrupt writes the 253rd byte to the data transmit 
register 

write the 254th bytes to data transmit register 

write the 255th bytes to data transmit register 

Write No. 256 bytes to data transmit register 

Write interrupt status register, clear embedded Flash write ready interrupt 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


write read command to command register 


Read data receiving register, read user Flash No. 1 Page data: 

After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash Read ready interrupt read data receive register, read the first 
byte 

Read data receive register, read the 2nd bytes 

Read data receive register, read the 3rd bytes 

Read the data receive register, read the 4th bytes 

Write interrupt status register, clear embedded Flash read ready interrupt 
After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash Read ready interrupt read data receive register, read the 5th 
byte 

Read the data receive register, read the 6th bytes 

Read the data receive register, read the 7th bytes 

Read the data receive register, read the 8th bytes 

Write interrupt status register, clear embedded Flash read ready interrupt 
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After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash Read ready interrupt read data receive register, read the 253rd 
byte 

Read data receive register, read No. 254 bytes 

Read the data receiving register, read the 255th bytes 

Read data receive register, read No. 256 bytes 

Write interrupt status register, clear embedded Flash read ready interrupt 
write NOP command to command register 


Write interrupt status register, clear embedded Flash read ready interrupt 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


Write Address Register 0 

Write Address Register 1 

Write address register 2 , write user Flash No. 2 page data address 
WRITE PROGRAM command to command register 

Write User Flash No. 2 Page Data to Data Transmit Register 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


write read command to command register 


Read data receiving register, read user Flash No. 2 page data 


write NOP command to command register 


Write interrupt status register, clear embedded Flash read ready interrupt 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


Write Address Register 0 

Write Address Register 1 

Write address register 2 , write user Flash nth _ page data address 
WRITE PROGRAM command to command register 

Write User Flash nth _ Page Data to Data Transmit Register 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


write read command to command register 


Read data receiving register, read user Flash nth _ page data 


write NOP command to command register 


Write interrupt status register, clear embedded Flash read ready interrupt 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


write WRDIS command to command register 


write NOP command to command register 
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Write NOP 
To CMDR 


Write NOP 
To CMDR 
Write WREN 
To CMDR 


vs 
Write BYTES 
To DATATR 
Write BYTEG 
To DATATR 
Write BYTE7 
To DATATR 


үз 
Write ВҮТЕ5 
То DATATR 
Write BYTE6 
To DATATR 
Write BYTE7 
To DATATR 


үз 
Write ВҮТЕ5 
То DATATR 
Write BYTEG 
To DATATR 
Write BYTE7 
To DATATR 
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Write BYTE8 
To DATATR 


Write BYTE256 
To DATATR 
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Read ВҮТЕ5 
From DATARR 
Read BYTE6 
From DATARR 
Read BYTE7 
From DATARR 
Read BYTE8 
From DATARR 
Write 
IRQSTATUSR 
Read BYTE256 
From DATARR 
Write 
IRQSTATUSR 
Write NOP 
To CMDR 
Write 
IRQSTATUSR 


Read BYTE5 
From DATARR 
Read BYTE6 
From DATARR 
Read ВҮТЕ? 
From DATARR 
Read BYTE8 
From DATARR 
Write 
IRQSTATUSR 
Read BYTE256 
From DATARR 
Write 
IRQSTATUSR 
Write NOP 
To CMDR 
Write 
IRQSTATUSR 


Read IRQSTATUSR Read IRQSTATUSR 


Erase User Flash 


peer-to-peer mode 


Read IRQSTATUSR 


Read BYTE5 
From DATARR 


Read BYTE6 
From DATARR 


Read BYTE7 
From DATARR 


Read BYTE8 
From DATARR 


Write 
IRQSTATUSR 


Read BYTE256 
From DATARR 


Write 
IRQSTATUSR 


Write NOP 
To CMDR 


Write NOP 
To CMDR 


Write Address Register 0 


Write Address Register 1 


Write address register 2 , write user Flash No. 1 page data address 


write NOP command to command register 


write WREN command to command register 


write ERASE_PAGE command to command register 
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Read the status register continuously until busy is detected for low 


write read command to command register 


Read data receiving register, read user Flash No. 1 page data 


write NOP command to command register 


Read the status register continuously until busy is detected for low 
Write Address Register 0 
Write Address Register 1 
Write address register 2 , write user Flash No. 2 page data address 


write NOP command to command register 


write ERASE_PAGE command to command register 


Read the status register continuously until busy is detected for low 


write read command to command register 


Read data receiving register, read user Flash No. 2 page data 


write NOP command to command register 


Read the status register continuously until busy is detected for low 


Write Address Register 0 
Write Address Register 1 
Write address register 2 , write user Flash nth _ page data address 


write NOP command to command register 


write ERASE_PAGE command to command register 


Read the status register continuously until busy is detected for low 


write read command to command register 


Read data receiving register, read user Flash nth _ page data 


write NOP command to command register 


Read the status register continuously until busy is detected for low 


write WRDIS command to command register 


write NOP command to command register 
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Write ADR0 Write ADRO 


Write ADRO 


(Page 2) (Page n) 


Write READ 
To CMDR 
Read BYTE] 
From DATARR 
Read BYTE2 
From DATARR 
Read BYTE256 
From DATARR 
Write NOP 
To CMDR 

| Read STATUSR 


w 
Write READ 
To CMDR 
Read BYTEI 
From DATARR 
Read BYTE2 
From DATARR 
Read BYTE256 
From DATARR 
Write NOP 
To CMDR 
Read STATUSR 


m 
Write READ 
To CMDR 
Read BYTEI 
From DATARR 
Read BY TE2 
From DATARR 


Read BYTE256 
From DATARR 
Write NOP 
To CMDR 
| Read STATUSR 


Write NOP 
To CMDR 
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interrupt mode 


https: 


Write Address Register 0 


Write Address Register 1 


Write address register 2 , write user Flash No. 1 page data address 


write NOP command to command register 


write WREN command to command register 


write ERASE_PAGE command to command register 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 


Write interrupt status register, clear embedded Flash idle interrupt 


write read command to command register 


Read data receiving register, read user Flash No. 1 Page data: 

After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash Read ready interrupt read data receive register, read the first 
byte 

Read data receive register, read the 2nd bytes 

Read data receive register, read the 3rd bytes 

Read the data receive register, read the 4th bytes 

Write interrupt status register, clear embedded Flash read ready interrupt 
After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash Read ready interrupt read data receive register, read the 5th 
byte 

Read the data receive register, read the 6th bytes 

Read the data receive register, read the 7th bytes 

Read the data receive register, read the 8th bytes 

Write interrupt status register, clear embedded Flash read ready interrupt 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash Read ready interrupt read data receive register, read the 253rd 
byte 

Read data receive register, read No. 254 bytes 

Read the data receiving register, read the 255th bytes 

Read data receive register, read No. 256 bytes 

Write interrupt status register, clear embedded Flash read ready interrupt 


write NOP command to command register 


Write interrupt status register, clear embedded Flash read ready interrupt 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 


Write interrupt status register, clear embedded Flash idle interrupt 


Write Address Register 0 


Write Address Register 1 


Write address register 2 , write user Flash No. 2 page data address 


write ERASE_PAGE command to command register 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


write read command to command register 


innek.ru 
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Read data receiving register, read user Flash Мо. 2 page data 


write NOP command to command register 


Write interrupt status register, clear embedded Flash read ready interrupt 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


Write Address Register 0 
Write Address Register 1 
Write address register 2 , write user Flash nth _ page data address 


write ERASE_PAGE command to command register 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


write read command to command register 


Read data receiving register, read user Flash nth _ page data 


write NOP command to command register 


Write interrupt status register, clear embedded Flash read ready interrupt 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


write WRDIS command to command register 


write NOP command to command register 
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Write АОКО Write ADR0 


Write NOP 
To CMDR 


Write АОКО 
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Write WREN 
To CMDR 
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Read IRQSTATUSR 


Read IRQSTATUSR Read IRQSTATUSR 


ys 


Read BYTE5 
From DATARR 


Read BYTE6 
From DATARR 
Read BYTE7 
From DATARR 
Read BYTE8 
From DATARR 


Read BYTE5 
From DATARR 
Read BYTE6 
From DATARR 
Read BYTE7 
From DATARR 
Read BYTE8 
From DATARR 


Irq process 


Write WRDIS 
To CMDR 
Write МОР 
To CMDR 
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Erase Bitstream and User Flash 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in an 
idle state (the busy bit of the status register is 0). 


peer-to-peer mode 


write NOP command to command register 


write WREN command to command register 


write ERASE command to command register 


Read the status register continuously until busy is detected for low 


write read command to command register 


Read data receiving register, read bit stream data and user Flash data 
write NOP command to command register 


Read the status register continuously until busy is detected for low 
write WRDIS command to command register 


write NOP command to command register 
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To CMDR 


Write WREN 
To CMDR 


Write ERASE 
To CMDR 


* 


Read STATUSR 


Read BYTE2 
From DATARR 


Write WRDIS 
To CMDR 


Write NOP 
To CMDR 


interrupt mode 


write NOP command to command register 


write WREN command to command register 


write ERASE command to command register 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


write read command to command register 
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Read data receiving register, read bit stream data and user Flash data: 

After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash Read ready interrupt read data receive register, read the first 
byte 

Read data receive register, read the 2nd bytes 

Read data receive register, read the 3rd bytes 

Read the data receive register, read the 4th bytes 

Write interrupt status register, clear embedded Flash read ready interrupt 
After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash Read ready interrupt read data receive register, read the 5th byte 
Read the data receive register, read the 6th bytes 

Read the data receive register, read the 7th bytes 

Read the data receive register, read the 8th bytes 

Write interrupt status register, clear embedded Flash read ready interrupt 


Read data receive register, read nth bytes 


write NOP command to command register 


Write interrupt status register, clear embedded Flash read ready interrupt 


After receiving the interrupt, read the interrupt status register and detect the 
embedded Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


write WRDIS command to command register 


write NOP command to command register 
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Write NOP 
To CMDR 


Read BYTE8 
From DATARR 


Write WRDIS 
To CMDR 
Write NOP 
To CMDR 
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Read User Flash 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in an 
idle state (the busy bit of the status register is 0). 


peer-to-peer mode 


Write Address Register 0 
Write Address Register 1 
Write address register 2 , write user Flash Data in embedded Flash The first address in 


write NOP command to command register 


write WREN command to command register 


write read command to command register 


Read data receiving register, read user Flash data 


write NOP command to command register 


Read the status register continuously until busy is detected for low 


write WRDIS command to command register 


write NOP command to command register 
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Write ADRO 


Write ADR2 


$01 


Write NOP 
To CMDR 


Write WREN 
To CMDR 


Write READ 
To CMDR 


Read BYTEI 
From DATARR 


| | 


Read BYTE2 
From DATARR 


Read BYTEn 
From DATARR 


Write NOP 
To CMDR 


Read STATUSR 


H 


no 


Write WRDIS 
To CMDR 


Write NOP 
To CMDR 


interrupt mode 

Write Address Register 0 

Write Address Register 1 

Write address register 2 , write user Flash Data in embedded Flash The first address in 


write NOP command to command register 


write WREN command to command register 


write read command to command register 
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Read data receiving register, read user Flash : 

After receiving the interrupt, read the interrupt status register and detect the embedded 
Flash Read ready interrupt read data receive register, read the first byte 

Read data receive register, read the 2nd bytes 

Read data receive register, read the 3rd bytes 

Read the data receive register, read the 4th bytes 

Write interrupt status register, clear embedded Flash read ready interrupt 

After receiving the interrupt, read the interrupt status register and detect the embedded 
Flash Read ready interrupt read data receive register, read the 5th byte 

Read the data receive register, read the 6th bytes 

Read the data receive register, read the 7th bytes 

Read the data receive register, read the 8th bytes 

Write interrupt status register, clear embedded Flash read ready interrupt 


Read data receive register, read nth bytes 


write NOP command to command register 
Write interrupt status register, clear embedded Flash read ready interrupt 


After receiving the interrupt, read the interrupt status register and detect the embedded 
Flash idle interrupt 
Write interrupt status register, clear embedded Flash idle interrupt 


write WRDIS command to command register 


write NOP command to command register 
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Write ADR0 


Write WRDIS 
To CMDR 
Write NOP 
To CMDR 


Read IRQSTATUSR 
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Lock Embedded Flash 


Appendix 7 


Wake up the embedded Flash first. This operation can only be started when the embedded Flash is in an 


idle state (the busy bit of the status register is 0). 


peer-to-peer mode 


write NOP command to command register 


write WREN command to command register 


write PROGRAM_LOCK command to command register 


Read the status register continuously until busy is detected for low 


write WRDIS command to command register 


write NOP command to command register 


/ WriteNOP 
« ToCMDR  / 
— 4 


` 


/^ Write WREN >, 
2 Z 


m 


/ Write PROGRAM LOCK ~ 


~ ToCMDR ПП 
= ад STATUSR ) 
S — 
yes "ds - 


„е е | — 
— bus? > 
> кг 
no 

м 


/ Write WRDIS ~ 
` ToCMDR J 


Ше а 


Ж” Y ES 
/ WriteNOP — ^ 
` Тосмрк у, 


interrupt mode 


write NOP command to command register 


write WREN command to command register 


write PROGRAM_LOCK command to command register 


embedded Flash idle interrupt 


After receiving the interrupt, read the interrupt status register and detect the 
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Write interrupt status register, clear embedded Flash idle interrupt 


write WRDIS command to command register 


write NOP command to command register 


/ WriteNOP N 


а То CMDR й 


(4 Write WREN > 
Мм To CMDR / 
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— Write PROGRAM. LOCK ~ 


di 


/ Red ^w 
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_ " di ` ^ 
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и Write N 


SIRQSTATUSR / 


| 
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/ WriteNOP N 
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ТАР State machine introduction. 


Test-Logic-Reset 
Test logic reset. 
In the test logic reset state, all test logics are disabled, and the chip runs in the working mode. 


When the TMS signal is 1, for more than 5 TCK rising edges, regardless of the state of the TAP controller, 
the test logic reset state can be entered. 


After the chip is powered on, the initial state of the TAP controller is the test logic reset state. 


In the reset state of the test logic, the instruction register is initialized to the IDCODE instruction. 


Run-Test/Idle 
test/idle. 


A state between scan operations. In the test/idle state, the test logic operations performed depend on the 
current instruction. 


For some instructions, in the test/idle state, wait for the execution of the test instruction to complete. 


For some instructions, in the test/idle state, no operation is required and the test logic is idle. 


Select-DR-Scan 
Select data register scan. 
Select-IR-Scan 


Select instruction register scan. 


Capture-DR 
data capture. 


In the data capture state, when ТСК rises, the test data 15 loaded in parallel to the test data register specified 
by the current instruction. 


If the test data register selected by the current instruction has no parallel input or does not require capture 
for the selected test, then the register will remain unchanged from its previous state. 


Shift-DR 
Data shift. 


In the data shift state, when the rising edge of TCK, the test data register placed on the TDI to TDO scanning 
link shifts one bit in the direction of TDO. 


When the test data register is selected by the current test command, but not placed on the scan link from 
TDI to TDO, it will keep the original state unchanged. 


Exit1-DR 
The first data exit. 
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The first data exit state is а transient process. 


Pause-DR 


Data paused. 


In the Data Suspended state, the data shifting of the test data register placed on the TDI to TDO link is 
suspended. 


Exit2-DR 
Second data exit. 


A transient process when the data exits the state for the second time. 


Update-DR 
Data Update. 


Some test data registers have latched parallel outputs that respond to specific test commands. Prevents 
changes at the parallel outputs as data is shifted into the connected shift register path. 


When entering the data update state, on the falling edge of TCK, the data from the shift register path is 
latched into the parallel output of the test data register. 


In other states, the data latched at the parallel outputs remains unchanged. 


Capture-IR 
Instruction capture. 


In the command capture state, when TCK rises, the command register is loaded with specially designed 
data. 


Shift-IR 
instruction shift. 


In the instruction shift state, the instruction register is placed on the scan link from TDI to TDO. When TCK 
rises, the instruction register shifts one bit in the direction of TDO. 


Exit1-IR 
The first command to exit. 


The first command exit state is a transient process. 


Pause-IR 
Command paused. 


In the instruction-halt state, shifting of the instruction register is suspended. 


Exit2-IR 
The second command exits. 


The exit status of the second instruction is a transient process. 
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Update-IR 
Command update. 


When entering the instruction update state, on the falling edge of TCK, the instruction from the shift 
register path is latched into the parallel output terminal of the instruction register. Once the new command is 
latched, it is updated with the current command. 
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